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Terms of Reference 
 
The Lead Ammunition Group (the Group)1 was set up in April 2010 by the Department for 
Environment Food and Rural Affairs (Defra)2 and the Food Standards Agency3 (FSA) to serve as an 
independent body at arms length from Government and bring together relevant stakeholders and 
experts to advise Defra and the FSA on: 
 

a. The key risks to wildlife from lead ammunition, the respective levels of those risks and to 
explore possible solutions to any significant risks; 

 
b. Possible options for managing the risk to human health from the increased exposure to 

lead as a result of using lead ammunition. 
 

The Group’s scope was limited to England though research and evidence might be drawn from 
anywhere. The devolved administrations in Northern Ireland, Scotland and Wales were to be kept 
informed by Defra, and the Group was reminded that FSA has a UK remit.  
 
The Group’s aims were specified as being:  
 

a. Wildlife: to advise Defra/FSA on what the significant risks to wildlife from the use of lead 
ammunition are and what levels of risk these pose in the short, medium and long term. Also 
any perceived risks that the evidence indicates are not significant. 

 
b. Human health: to advise Defra/FSA on possible options for managing the risk to human 

health from increased exposure to lead resulting from the use of lead ammunition notably 
in terms of food safety (including game shot with lead ammunition and spent lead shot 
deposited on agricultural land). 

 
c. Knowledge gaps: to advise Defra/FSA of any significant knowledge gaps that may hinder 

the identification or assessment of risks, the development of technical solutions or the 
development of government policy. 

 
d. Communications: to advise Defra/FSA on any communication issues, and possible 

solutions, concerning the relaying of balanced information on issues surrounding the use of 
lead ammunition to the media, general public and stakeholders. 

 
e. Consequences: to advise DEFRA/FSA of any significant impacts of possible advice or 

solutions on shooting activity and associated recreational, wildlife management, economic 
and employment impacts. 

 
Defra and FSA accordingly invited expert representatives to serve on behalf of the following 
stakeholder interest groups and form the Group’s Main Committee. This Main Committee met for its 
first meeting on 26 April 20104.  The stakeholder interests, representatives and their sponsoring 
organisations were:  
 

a. The gun and ammunition trades have been represented by John Batley (Gun Trade 
Association). 

 
b. Game dealers have been represented by Stephen Crouch (National Game Dealers 

Association) and resigned in May 2015. 
 

                                                
1
  http://leadammunitiongroup.co.uk 

2
  https://www.gov.uk/.../department-for-environment-food-rural-affairs 

3
  http://food.gov.uk 

4
  At the time of completing this report LAG had met 13 times the last meeting being in May 2015. 
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c. Landownership and farming were represented by Adrian Gane (Country Land and 
Business Association) until the 5th Meeting in November 2010. He was replaced by his 
successor Martin Jamieson (CLA) until April 2012, and following him Mark Tufnell (CLA) 
served from the 7th meeting in February 2013 and resigned in May 2015.     

 
d. The welfare of animals has been represented by Dr James Kirkwood (then Chief Executive 

of the Universities Federation for Animal Welfare). 
 

e. Dr Mark Avery (RSPB) represented wildlife conservation until the 4th meeting in September 
2010.  Jeff Knott (RSPB) succeeded Dr Avery from the 5th meeting in November 2010 until 
he stepped down following the 10th meeting in February 2014, and was in turn succeeded 
by Professor Rhys Green (RSPB). 

 
f. Human health and the environment have been represented by Professor Len Levy 

(Institute of Environment and Health). 
 

g. Robert Gray (Countryside Alliance) represented shooting sports until the 5th meeting in 
November 2010 following which he was replaced by Lord Mancroft (Countryside Alliance) 
and in turn by General Sir Barney White-Spunner (Countryside Alliance) from the 7th 
meeting in February 2013 and resigned in May 2015. 

 
In addition, Dr Debbie Pain (Wildfowl & Wetlands Trust) and Dr Stephen Tapper (Game and Wildlife 
Conservation Trust) were invited from the outset to serve because of their specialist scientific 
expertise in the subject matter. Dr Tapper retired at the end of 2010 and was replaced by Ian 
Coghill (Game and Wildlife Trust) from the 6th meeting in April 2012. Mr Coghill resigned in 
December 2014. 
 
Defra and FSA have attended the Group’s meetings as observers.  
 
Lucy Munro (Defra) initially provided the main committee’s secretariat support until the 5th meeting 
in November 2010. Dr Matt Ellis (BASC) succeeded her from the 6th meeting in April 2012. 
 
From the outset in March 2010 John Swift (then Chief Executive of BASC but now retired from that 
role) was appointed as the Group’s chairman specifically “to provide overarching direction and focus 
for the Group, and ensure that the Group’s members, beyond representing their interest sector’s 
organisations, also bring to the table skills, expertise and knowledge of their sector; moreover 
ensuring any recommendations the Group makes are based upon an open, broad and transparent 
dialogue”. John Swift has continued as the Group’s chairman since retiring from BASC in 2013. 
 
It was decided at the outset that the size of the Group should be restricted to ensure it remained as 
focused and effective as possible, but it was envisaged that subgroups might be set up, as 
appropriate, which might include such others in the Group’s work. 
 
As can be seen from the published minutes of the Group’s meetings (see the Group’s website) two 
subgroups were established.  
 
The Primary Evidence Subgroup was appointed to collate and assess the evidence base. This 
subgroup then took on the responsibility for preparation of the risk assessments and became known 
as the Primary Evidence and Risk Assessment Subgroup (PERA Subgroup). The PERA Subgroup 
has been chaired by Professor Len Levy (Institute of Environment and Health and Emeritus 
Professor of Environmental Health at Cranfield University). 
 
The PERA Subgroup’s members have been Professor Levy, Dr Peter Green MRCVS (Veterinary 
Advisor to the British Deer Society), Professor Rhys Green (RSPB and the Department of Zoology, 
University of Cambridge), Dr John Harradine (BASC), Dr Alastair Leake (GWCT), and Dr Debbie 
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Pain (WWT).  Biographies of the PERA Subgroup’s members are published on the Group’s 
website5. 
 
A Mitigation Subgroup was established in February 2014, following completion and approval by the 
Main Committee of the risk assessments, in the autumn of 2013. These risk assessments are 
described in later sections and published in full as Appendices 1 to 4.  
 
The Mitigation Subgroup brought together members of the Main Committee and others to consider 
possible mitigation options to reduce or eliminate the risks identified in the risk assessments The 
Mitigation Subgroup was chaired by Sir Barney White-Spunner.  
 
The Mitigation Subgroup’s membership was open to the entire Group with additional invited experts. 
It has consisted of Sir Barney, Ian Coghill (GWCT), Professor Green (RSPB), Dr Ruth Cromie 
(WWT) and Dr Matt Ellis (BASC) although other members of the Main Committee have provided 
assistance and information. 
 
The Main Committee has throughout retained responsibility for the processes for assessing the 
quality of evidence, the conclusions of the risk assessments and discussion about possible 
strategies and options for mitigating the specific and general risks shown to be significant to both 
wildlife and human health. 
 
 

                                                
5  

http://leadammunitiongroup.co.uk/Biographies.html 
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Executive summary 
 
The Lead Ammunition Group was set up in 2010 to bring together relevant stakeholders and 
experts to advise the UK government and its agencies, in particular Defra and the FSA, on: 
 

a. The key risks to wildlife from lead ammunition, the respective levels of those risks and to 
explore possible solutions to any significant risks; and 

 
b. Possible options for managing the risk to human health from the increased exposure to 

lead as a result of using lead ammunition. 
 

To assist in this, the Primary Evidence and Risk Assessment Subgroup (PERA Subgroup) was 
established to provide the Group with risk assessments on three topics: risks to human health from 
lead ammunition, risks to human health from livestock feeding in areas of lead shot deposition, and 
risks to wildlife from lead ammunition.  
 
The Main Committee received four risk assessments in 2013:  
 

1. “An evaluation of the risks to human health in the UK from lead derived from 
ammunition” drafted by Professor Rhys Green and Dr Debbie Pain and endorsed by 
the full Primary Evidence and Risk Assessment Subgroup (see Appendix 1). 

 
2. “The risks to human health through livestock feeding in areas of lead shot deposition” 

drafted by Dr Peter Green MRCVS and endorsed by the full Primary Evidence and 
Risk Assessment Subgroup (see Appendix 2). 

 
3. “Lead Ammunition and Wildlife in England (UK)” a minority report by Dr John 

Harradine and Dr Alastair Leake (see Appendix 3). 
 
4. “An evaluation of the risks to wildlife in the UK from lead derived from ammunition” a 

minority report by Dr Debbie Pain and Professor Rhys Green (see Appendix 4). 
 
 
Conclusions of risk assessment on risks to human health from consumption of game meat 
shot with lead ammunition: 

 
a. The consumption of meat from wild game animals killed using lead ammunition poses risks 

to some high-level consumers of wild game.  
 
b. The risks are very low for the general population who consume wild game infrequently.   
 
c. The number of high-level consumers subjected to elevated risk cannot be estimated 

precisely, but approximate calculations indicate that the number is likely to be tens of 
thousands in UK. 

 
d. Potential adverse effects on the health of high-level consumers include reduced 

intelligence and cognitive function of children, increased risk of spontaneous abortion in 
pregnant women and cardiovascular effects and chronic kidney disease in adults. 

 
e. It is to be noted that the human health risk assessment is based mainly on calculations 

using measured levels of contamination with ammunition-derived lead and absolute 
bioavailability estimates of lead from gamebirds killed using lead shot.  

 
f. Consumption of venison from deer killed using lead bullets is likely to cause lower levels of 

ingestion of ammunition-derived lead than the consumption of gamebirds killed with shot, 
but this will vary according to the cuts and amounts of meat consumed and the rigour with 
which shot-damaged meat is identified and discarded.  
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Conclusions of risk assessment on risks to human health from livestock exposed to 
ingestion of ammunition lead: 
 

a. Continuous or repeated use of the same areas for discharging large quantities of lead 
ammunition, such as clay pigeon shooting grounds and perhaps some long-established 
game shoots (and the target areas of rifle ranges) are likely to give rise to levels of lead 
deposition that may adversely affect the health of livestock grazing or foraging the areas of 
pellet fallout and the immediate vicinity.  

 
b. Whether or not similar levels of lead shot discharge and deposition occur in the context of 

game shooting will be a function of the intensity and longevity of the shooting activity in a 
locality. 

 
c. Poultry, including chickens, ducks, partridges and pheasants Phasianus colchicus appear 

to be especially at risk from feeding or foraging in such areas. 
 
d. Harvesting silage or haylage from such areas may have toxic effects in livestock fed on the 

conserved forage. 
 
e. Although the risk assessment found no evidence of onward transfer of toxic levels of lead 

to humans from ruminants or pigs under such circumstances, such potential transfer is 
plausible and the risk is therefore to be assessed as very low but not negligible. 

 
f. When poultry, including chickens, pheasants and ducks, forage over land that is repeatedly 

or continuously used for shooting and where deposition of lead is high, there is primary 
evidence of transmission from source to the end stages of one of the potential pathways 
(eggs) and strong circumstantial evidence for a second pathway (poultry meat).  

 
g. The risk to human health from poultry ranging over these areas is therefore considered to 

be present but low.  
 
 
Conclusions of risk assessments on risks to wildlife from lead ammunition:  
 
Wildlife exposure to lead from ammunition  
 
There are five possible pathways by which ammunition lead can reach susceptible tissues in 
animals: 
 

a. Direct ingestion of spent lead ammunition (mainly shotgun pellets) from the environment. 
 

b. Indirect ingestion by predators/scavengers of spent lead ammunition in the bodies of their 
prey. 

 
c. Movement of spent ammunition lead via plants into their consumers. 

 
d. Movement of spent ammunition lead by ingestion of soil or soil organisms/invertebrates into 

their consumers. 
 

e. Movement of spent ammunition lead from embedded shot/bullets into body tissues/organs. 
 
There is evidence of pathway a. in the list above for many species of wildfowl, and some other 
waterbirds and gamebirds in the UK and overseas. 
 
A range of other species of wildlife may be exposed by such direct ingestion, although few relevant 
studies have been undertaken and published in the UK.  
 
Evidence of pathway b. exists for some raptor species in the UK and overseas. 
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A range of ground-foraging passerines and pigeons (Columbidae), as well as other forms of wildlife, 
including small mammals, reptiles and amphibians in areas of high shot-fall (such as clay pigeon 
grounds), may be exposed through pathways c. and d.  
 
Evidence exists for pathway c. and d., but there are few studies from the UK. A possible pathway d. 
is identified for Woodcock Scolopax rusticola, which is subject to confirmation in the UK. 
 
The overall risk impact for the general exposure of wildlife (i.e. all wildlife species in all places) to 
lead from ammunition falls between “low” and “medium” and the risk rating is therefore to be 
calculated as “medium” to “high”6. 
 
Risks to the welfare of wildlife 
 
Sub-clinical and clinical, behavioural, developmental and reproductive impacts arising from above-
background tissue lead levels resulting from ingested lead ammunition in wildlife can be expected to 
cause welfare impacts for the many animals which ingest ammunition, as well as all those animals 
which eventually die from lead poisoning. 
 
From the known pathology and physiology of lead poisoning plus its effect on coordination and 
mobility, there is considered to be high probability of welfare impacts in the majority of the individual 
birds that ingest lead.  
 
Welfare impacts are likely to be dependent on the amount of lead ingested in relation to body size 
and there may be species-specific differences in sensitivity to lead. 
 
The overall risk impact is calculated by combining the known percentages of exposed populations to 
welfare effects, and reference to Banner’s Principles, which are standards applied by the Farm 
Animal Welfare Council and used for a variety of welfare codes. The risk rating is consequently to 
be calculated as “high”. 
 
Other effects on individuals and population processes 
 
Deaths and impaired reproduction of individual animals, caused by direct or indirect poisoning from 
lead ammunition, will affect mortality rates and birth rates and other population processes. These 
processes affect the individual’s survival in the ecological niche to which its species is adapted, and 
are a different consideration from population numbers and trends. 
 
Adverse effects from ingested ammunition lead, including death, occur or are likely to occur in 
individual birds (and some other animals) where they are exposed to lead from ammunition by 
whatever pathway.  
 
To date in the UK, deaths and sub lethal effects have been recorded in wildfowl and some other 
waterbirds, some gamebirds, as well as Red Kites Milvus milvus and possibly other raptors 
including Buzzard Buteo buteo/Peregrine Falcon Falco peregrinus. 
 
Risks to wildlife in terms of effects on population size 
 
The extent of lead exposure in some wildfowl species suggests the potential for effects on 
population size, although detailed studies necessary to establish such impact on population size 
have not been undertaken for species occurring in the UK. The extent to which mortality due to lead 
poisoning may be compensated for by other factors affecting survival is unknown, and therefore 
population sizes may or may not be affected. 
 

                                                
6
  The criteria for risks and impacts and calculating risk rating are set out on pages 63 to 66. 
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The levels of exposure to lead from ammunition in some waterfowl populations have the potential to 
affect populations. The Mute Swan populations increased in some areas of England following the 
banning of lead fishing weights. 
 
The statistical data sets against which potential population level effects have to be judged are those 
periodically published by the UK Government’s Joint Nature Conservation Committee (JNCC) on 
behalf of the national conservation agencies and in conjunction with partner organisations, in 
particular data sets describing the trends in abundance of different categories of bird species.  
 
In 2014, the UK Government formally submitted, following public consultation in 2013, a report to 
the European Commission on the pressures and threats on the bird species for which Special 
Protection Areas have been designated under the Directive on the Conservation of Wild Birds. This 
concluded “on the basis of available evidence (which we know to be deficient) we conservatively 
assessed lead shot as a Pressure and a Threat for Bewick’s Swan, Pintail and Pochard, and as a 
Threat only for Iceland Greylag Goose and Whooper Swan (JNCC 2013). 
 
However given the extended period of time over which lead ammunition has been used, long-term 
ornithological population datasets are unlikely to show the effect of lead on current population 
status, as populations have been continuously exposed for a considerable length of time. 
 
On the basis of the evidence and recognising the distinction between first wildfowl, terrestrial 
gamebirds, raptors and scavengers, and secondly other wildlife, the likelihood of the risk arising for 
“other wildlife” is likely to be “very low” except in areas of intensive shooting. For the former group, 
although the potential exists for some populations, the research has not been undertaken and no 
impact rating can therefore be calculated. 
 
 

Key questions 
 
The conclusions of this report can be summarised by the following questions: 
 
 
Is lead poisonous?  

Yes, lead is recognised by all authorities as a highly toxic substance for humans and other 
animals, with no known biological benefits, once it gets into the body at all levels of 
concentration. It is especially dangerous as a neurotoxin for both young people and for wild 
animals.   

 
 
Is much ammunition lead being dispersed irretrievably into the environment? 

Yes, some 6,000 tonnes a year in UK. The lead is deposited on or remains close to the soil 
surface where it is available for ingestion by birds. It becomes unavailable to them over time 
however, though it remains in the soil and substrates for a long time with as yet unknown 
consequences.   

 
 
Is there evidence that lead is getting into wildlife? 

Yes, it can (and does) by several routes, mainly by ingestion in mistake for food items or grit, 
or in scavenged dead animals, or as the prey of some raptors. In areas of intensive shooting 
lead is taken up by some plants and soil microfauna getting into the food chain, but the 
research studies that have been undertaken on this latter route are limited. 

 
 
Does it cause harm to wildlife? 

Yes, it certainly kills some birds. Numbers are hard to be certain about but almost certainly at 
least tens of thousands to hundreds of thousands annually in UK. The effects in these animals 
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and the larger numbers subject to sub-lethal doses are sufficient to cause illness and welfare 
effects that can be severe and prolonged for them. 

 

Will current restrictions on lead in wetlands and for shooting wildfowl mitigate the risks 
effectively?   

No, because it is not just a wetland problem, and compliance with current regulations appears 
to be low in England at least; as well as far from complete in other countries along the flyways 
of wildfowl.  
 

 
Can lead shot and bullet fragments be present in game meat at levels enough to cause 
significant health risks to children and adult consumers, depending on the amount of game 
they consume?  

Yes, almost certainly. In the order of 10,000 children are growing up in households where they 
could regularly be eating sufficient game shot with lead ammunition to potentially cause them 
neurodevelopmental harm. Tens of thousands of adults, including pregnant women and their 
unborn, are also exposed to additional lead by eating game as part of their normal diet lead 
exposure, and this could potentially cause them a range of low level but nonetheless harmful 
health effects.  

 
 
Will further publicity and education on their own mitigate the health risks?  

Very unlikely. With respect to wildlife, publicity has so far had little or no measurable effect on 
compliance with existing regulations. With respect to human health, there is no evidence that 
existing advice has affected game eating habits. There are few examples of other health 
campaigns, not benefitting from significant institutional support and financial support, where 
publicity and education have alone achieved measurable benefits. The climate of opinion 
within the shooting community at the present time seems disinclined to favour a change of 
approach as the result of existing communication outputs.  

 
 
If compliance with existing wetland-related regulations were 100% and game meat food-
chain standards, backed by introduced testing, could guarantee that game was not being 
placed on the market with lead levels above those recommended for red meat and poultry, 
would that be sufficient? 

Perhaps, although many high-level consumers of game meat eat game animals they shot 
themselves or obtained informally. The raptor/scavenger problem would remain, as would the 
risk for terrestrial birds and wildfowl that feed over non-wetland habitats. It would go some way 
to solving the main problems. But there is currently no evidence that the will or practical 
means exist to make this happen. 

 
 
Are safer alternatives to lead ammunition available that would remove all the problems in 
one go?  

Yes, there is experience from other countries where the change has already been made. 
There are issues to sort out and time would be needed for any phase out/phase in - and it 
would be controversial and resisted to start with – but changes could be made quite quickly 
and at relatively low cost with obvious benefits to wildlife, human health, the image and 
reputation of shooting sports, secure game markets, and a new platform for dialogue to solve 
other conservation and land-use issues. Such positive benefits are already apparent in 
countries that have already made the change to non-lead ammunition.  
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Do these have any significant drawbacks?  

No, or at least none that carry the same range and scale of risks as lead. However there are 
procedural, technical and R&D issues still to work on and resolve.  

 
 
What are the options for dealing with the human health problems? 

The only way to guarantee the mitigation of human health problems arising from consuming 
meat from animals shot with lead ammunition is to replace it with non-toxic alternatives. There 
is as yet no convincing evidence that options short of replacement of lead ammunition will 
address known risks to human health and especially child health. 

 
For venison (and now Wild Boar Sus scrofa) establishing hunter standards and best practice 
for carcass handling and meat preparation, backed by food chain monitoring of lead levels, 
would be desirable but currently looks improbable if not unfeasible in UK for practical and 
economic reasons.  

 
For small game, no convincing proposals have yet been made to the Group for any measure, 
short of lead shot replacement, that would ensure that small game food products entering the 
food chain do not have elevated lead concentrations.  

 
 
What are the options for dealing with the wildlife problems? 

There is no evidence on which to conclude that existing regulations yet address their principal 
objective for wetlands and wildfowl. 

 
There is therefore no substantive basis on which to conclude that existing regulations help to 
manage or mitigate the known wider risks in other habitats and wildlife.  

 
Whatever the wildlife impacts are today, the problems and our awareness of them are likely to 
increase in the medium and longer-term future.      

 
 
So what is the next step? 

An action plan is needed to address the foregoing conclusions. But an action plan cannot be 
developed without agreement among all relevant stakeholders for a vigorous industry-led self-
regulation of shooting sports; or alternatively, a clear directive from Defra and FSA either 
requiring such industry self-regulation action; or failing which, a decision by Defra/FSA for 
developing statutory and regulatory measures for the restriction of lead in ammunition and 
replacement with alternatives.  
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Introduction 
 

Background to lead in ammunition: history and responses  
 
Lead is a metallic element occurring naturally in the environment in various forms and it has 
numerous and important uses for mankind. These uses have been progressively restricted, usually 
by replacement with other materials as well as controls on its use and disposal. 
 
The toxic effects of lead shot have been known to cause the death of birds since the 19th century. 
Lead shot was first recognised as a more serious issue for wildlife conservation and wildfowling in 
1959 after an American, Dr Frank Bellrose, published a report on lead poisoning and the incidence 
of lead pellets in 36,000 wildfowl gizzards collected from all over the United States of America. 
Bellrose estimated that 2-3% of all individual waterfowl in the USA were dying annually as the result 
of lead poisoning (Bellrose 1959). This research led, from the 1970s onwards, to the gradual 
replacement of lead shot for waterfowl hunting at state level in the USA, with a nationwide ban 
being implemented by US Federal authorities from 1991. Canada imposed a complete ban for 
waterfowl hunting in 1999. 
 
In Britain also, it had been known for a long time that wildfowl might ingest lead shot and die from it. 
Peter Olney noted the incidence of lead pellets in wildfowl gizzard contents whilst working in the 
1950s at the Severn Wildfowl Trust7 to identify food plants and seeds (Olney 1960). Then in the late 
1960s and early 1970s Dr Gareth Thomas researching wildfowl diets on the Ouse Washes in 
England noticed that the incidence of lead shot he recorded in wildfowl gizzards was similar to the 
levels found by Bellrose.  He published his findings in 1975 (Thomas 1975).  
 
In consequence the Wildfowlers Association of Great Britain and Ireland8 (WAGBI) in conjunction 
with the Wildfowl Trust put in hand a nationwide survey of wildfowl gizzard contents. Dr Greg Mudge 
undertook this work and his internal report in 1981 confirmed the widespread incidence of ingested 
lead pellet poisoning in British wildfowl (Mudge 1983). 
 
The Royal Commission on Environmental Pollution, a non-departmental public body, published a 
report on Lead in the Environment in 1983 (Southwood 1983). The Commission was looking at lead 
in all its uses and it concluded that there was an insufficient safety margin between lead 
concentrations in the blood of most people and the concentrations that were then known to be 
harmful.  
 
The Commission in 1983 recommended reducing exposure to lead from water, food, paint, dust, air, 
lead shot, and petrol. In its conclusions on lead shot the Commission recorded9, by way of 
mitigation, that BASC was “preparing a code of practice to reduce the deposition of lead in wildfowl 
areas and was also investigating the possibility of marketing alternatives to lead for shotgun pellets”. 
The then sole manufacturer in UK of shotgun cartridges (the Eley Division of IMI, Birmingham) was 
“studying the American experience of the problems of quality control and reliability involved in the 
production of steel shot”. 
 
The Commission also recorded that the Nature Conservancy Council (1981) had reported the 
widespread poisoning of swans with split lead shot fishing weights. The NCC report had noted the 
technical difficulties involved in the development of alternatives for lead split-shot used as fishing 
weights, but had after thorough consultation with the National Anglers Council and others, including 
BASC, noted that the alternatives had the potential for development; and the NCC recommended 
that urgent efforts be made to develop alternatives to split shot and weights and that the use of lead 
should be phased out within five years.  
 

                                                
7
  Now Wildfowl & Wetlands Trust. 

8
  Now BASC. 

9
  Page 81 s 6.43. 
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The Commission recommended likewise and applied its own recommendation in addition to lead 
shotgun pellets. The Commission believed that “it ought to be possible for adequate though perhaps 
somewhat more expensive substitutes to be developed for use in the UK within a very few years” 
and recommended that “as soon as substitutes were available the Government should legislate to 
ban any further use of lead shot and fishing weights in circumstances where they were irretrievably 
dispersed into the environment”. 
 
The Government responded (Department of the Environment 1983) that as regards lead in angling, 
it “hoped that withdrawal of lead could be achieved by voluntary means, but legislation would be 
considered if necessary”. In due course legislative prohibitions on the use of lead for fishing 
commenced in 1987 and were confirmed in 1989 and implemented through fisheries byelaws 
produced by the Environment Agency. 
 
In respect of shooting, the Government said, “At the moment it had no evidence that spent lead shot 
from firearms posed any toxic hazard to the environment at large or to wildlife”. But the Government 
also stated that “lead and exposure to it should be reduced wherever possible, the environmental 
significance of lead shot and possible alternatives would be investigated further”. 
 
No further investigations were, however, carried out by Government and the matter rested until the 
International Waterfowl and Wetlands Research Bureau10 organised a workshop in Brussels in June 
1991 to discuss the problems associated with lead and waterfowl. There was a general concluding 
agreement that using lead in cartridges in wetlands was not “wise use11” and that “all steps should 
be taken to introduce lead free shot and phase out the use of lead” (Pain 1992). 
 
The UK Department of the Environment12 in consequence set up the Lead Poisoning in Waterfowl 
Working Group to work on a planned programme of implementation. The working group was given a 
year to draw up recommendations for Government and following further development of non-toxic 
alternatives suitable for use in the UK and resolution of safety issues concomitant with proofing 
rules, an agreement was concluded that “from September 1995 the elimination of lead shot used in 
12 bore shotguns should go ahead and be achieved voluntarily by 1997”. 
 
In the event, the voluntary phase out of lead did not work and the Environmental Protection (Use of 
Lead Shot) (England) Regulations 1999 came into force from 1st September 1999 (HMSO 1999).  
These regulations were amended slightly in 2002 and again in 2003 to alter the list of Sites of 
Special Scientific Interest to which the principal regulations applied by means of the Environmental 
Protection (Use of Lead Shot)(England)(Amendment) Regulations 2003 (HMSO 2003). 
 
The Welsh Assembly introduced similar regulations13 to England’s in September 2002. Scotland’s 
rather different regulations14 commenced in March 2005 (HMSO 2004). Northern Ireland followed 
the Scottish model from September 200915 (HMSO 2009). 
 
It is not the purpose of this report to examine the detail and practical effect of the regulations in the 
UK home countries, nor the extent and effectiveness of laws applying elsewhere in Europe and the 
western Palearctic flyways for migrating birds.  
 
The African-Eurasian Waterbird Agreement (AEWA) is relevant to UK and England, and to the Lead 
Ammunition Group. AEWA is a legal international treaty developed under the auspices of UNEP’s 
Convention on Migratory Species (CMS or Bonn Convention). The idea of an international 
framework for the rational management of Europe’s wildfowl resource harvesting, akin to the North 

                                                
10

  Now Wetlands International. 
11

  In the sense of the Ramsar Convention; and equivalent to sustainable use.  
12

  Now Defra. 
13

  Welsh Statutory Instrument 2002 No. 1730 (W.164) The Environmental Protection (Restriction on Use of 
Lead Shot) (Wales) Regulations 2002. 

14
  The Environmental Protection (Restriction on Use of Lead Shot) (Scotland) (No. 2) Regulations 2004. 

15
  The Environmental Protection (Restriction on Use of Lead Shot) Regulations (Northern Ireland) 2009. 
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American Waterfowl Management Plan, had taken root following the conclusion of the global 
Ramsar Convention on the Conservation of Wetlands Especially for Waterfowl in 1973. 
The CMS provides a policy framework within which such a flyway goal might be achieved. 
Eventually an agreement treaty (AEWA) was signed by UK and adopted by Parties in 1995. The 
requisite number of Parties in Europe and Africa had signed and ratified for the Agreement to enter 
into force in 1999. 
 
The Agreement text provides for an Action Plan as Annex III. As regards lead shot the Action Plan 
originally stated in the section on hunting measures, at paragraph 4.1.4, that Parties “shall 
endeavour to phase out the use of lead shot for hunting in wetlands by the year 2000”. Due to slow 
progress this wording was progressively altered so that the Action Plan paragraph 4.1.4 since 2012 
stipulates that Parties “shall endeavour to phase out the use of lead shot for hunting in wetlands as 
soon as possible in accordance with self-imposed and published timetables”16; and with this being 
done in accordance with the target established by the AEWA’s Strategic Plan to have completed 
this by 2017.   
 
The relevance of paragraph 4.1.4 to the Lead Ammunition Group and this report is that while UK 
has complied with its obligations by means of the home country environmental regulations 
mentioned above, the European Union also joined the Agreement in its own right in 2005. The 
question arises whether the EU feels itself obliged to “phase out lead shot for hunting in wetlands as 
soon as possible in accordance with a self-imposed and published timetable”. 
 
Arguably, the key word is “endeavour”. The EU has certainly published timetables of the progress in 
the Member States, and has done much to achieve phase out, but the fact remains that there is no 
treaty obligation, even if the hunting section of the Action Plan is held to be legally binding on the 
Parties, and “phase out” is held to mean “ban”, to ensure a phase out. Even so it is not beyond the 
bounds of possibility, given the progressively interpretative character of EU jurisprudence that the 
EU might pursue some form of measure that is legally binding on its Member States; and adopt a 
policy approach that has such effect. If that were to happen it could alter the character of the Lead 
Ammunition Group’s advice on mitigation measures.17 

                                                
16

  Resolution 1.14 (from 1999): to review experience of countries  
http://www.unep-aewa.org/en/document/phasing-out-lead-shot-wetlands 
Resolution 2.21. (from 2002): keep trying  
http://www.unep-aewa.org/sites/default/files/document/resolution2_2_0.pdf 
Resolution 3.4 (from 2005): not much – send your reports in on time 
http://www.unep-aewa.org/sites/default/files/document/res3_4_national_reports_0.pdf 
Resolution 4.27 (from 2008): do it by 2009 
http://www.unep-aewa.org/sites/default/files/document/res4_1_phasing_out_lead_shot_final_0.pdf 
Latest Resolution 5.23 (from 2012): 2.1. By 2017 the use of lead shot for hunting in wetlands is phased out 
by all Contracting Parties. Parties should: (1) Evaluate the effectiveness of national measures already 
taken to phase out the use of lead shot and to phase in non-toxic alternatives in wetlands; (2) Engage with 
all relevant stakeholders, inter alia hunters and the manufacturing industry, to understand and address 
barriers to implementation; and to establish and implement joint communication strategies, (3) Where 
requested, the Secretariat and the Technical Committee will provide support to individual Parties 
conducting such evaluation and engagement. http://www.unep-aewa.org/en/document/aewa%E2%80% 
99s-contribution-delivering-aichi-2020-biodiversity-targets-0. 

17  
At the EU ORNIS Committee October 2011, it was stated that “The Commission as a contracting party to 
AEWA can only encourage Member States to fulfill their commitment to phasing out use of lead shot in 
wetlands and monitor the situation but has no other leverage in this context. However, among legal 
instruments available to the Commission and the Member States, potentially applicable to the case of lead 
shot in wetlands, is REACH”.“In such a case the Regulation requires the Commission and the Member 
States to act as follows; the Commission shall ask the European Chemical Agency (ECHA) to prepare a 
dossier for restriction proposal. If the dossier demonstrates that action on a Community-wide basis is 
necessary, beyond any measures already in place, ECHA shall suggest restrictions, in order to initiate 
restriction process; a Member State shall prepare a dossier for restriction proposal. If the dossier 
demonstrates that action on a Community-wide basis is necessary, beyond any measures already in place, 
the Member State shall submit to ECHA the dossier, in order to initiate restriction process.” As a result a 
restriction process was launched for lead and lead compounds for consumer use. During this process 
ECHA commissioned a consultancy AMEC to investigated the feasibility of phasing out the use of lead 

http://www.unep-aewa.org/en/document/phasing-out-lead-shot-wetlands
http://www.unep-aewa.org/sites/default/files/document/resolution2_2_0.pdf
http://www.unep-aewa.org/sites/default/files/document/res3_4_national_reports_0.pdf
http://www.unep-aewa.org/sites/default/files/document/res4_1_phasing_out_lead_shot_final_0.pdf
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Another significant development was the Peregrine Fund’s organisation of a global Conference in 
Idaho, USA in 2008. This conference brought wildlife scientists and conservationists together with 
wildlife and human health experts (see Watson et al. 2009). Its proceedings “Ingestion of Lead from 
Spent Ammunition: Implications for Humans and Wildlife” raised awareness of the impacts of lead 
ammunition beyond wildfowl in two important respects: firstly to the much wider range of wildlife 
taxa actually or potentially affected, in particular the predatory and scavenging species18; and 
secondly it opened many people’s eyes to the objective risks to human health from consumption of 
game shot with lead. 
 
Three underlying paradigm shifts took root: first that there is no lower limit below which lead is not 
harmful to body systems and functions in either wildlife or humans; secondly, that lead shot and 
bullets fragment and micronise into the meat and tissues that may then be ingested by humans and 
wildlife with clinical health outcomes that are predictable at individual and population levels; and 
thirdly, that lead bullets used for shooting larger mammalian game are also implicated. 
 
The Peregrine Fund conference was followed in 2010 by publication of a Scientific Report on Lead 
in Food by the European Food Safety Authority (EFSA Panel on Contaminants in the Food Chain)19. 
It is to be noted that the UNEP and EFSA actions regarding lead and lead ammunition link back to 
the World Health Organisation’s priorities to reduce exposure to lead wherever possible20. Relevant 
to this report, EFSA concluded that “in adults, children and infants the margins of exposures (to 
lead) were such that the possibility of an effect from lead in some consumers, particularly in children 
from 1-7 years of age, cannot be excluded; and protection of children against the potential risk of 
neurodevelopmental effects would be protective for all other adverse effects of lead, in all 
populations”. 
 
However, EFSA did include a separate analysis of the potential health risks to adults who eat one 
200 g meal of game a week – although there was no analysis for the impacts of frequent game 
consumption on children as some were already considered to be potentially at risk under the 
“general diet”. They concluded that in these high game meat adult consumers “the possibility of an 
effect [on systolic blood pressure] in some consumers of a diet rich in game meat cannot be 
excluded” and that “for those consuming diets rich in the other foodstuffs, i.e. game meat, game 
offal and algae food supplements, regardless of where exposure lies within the range of estimates, 
the possibility of an effect [on increased incidence of chronic kidney disease] in some consumers 
cannot be excluded”. 
 
EFSA’s conclusions are founded on characterisation of general diet and lead levels in the 
constituent foodstuffs, especially game, based on data provided by a range of European countries 
that will have been gathered by different means and might not necessarily mirror the situation in 
England.  
 
For this reason the Lead Ammunition Group has taken special care in carrying out the human health 
risk assessments for England on which this report is based. It follows that EFSA’s health-protective 

                                                                                                                                                              
shot in wetlands, but finally lead shot was not given highest priority. Rather articles containing lead or lead 
compounds that could be mouthed by children were subject to the restriction proposal. This does not rule 
out the possibility of lead shot or lead ammunition in general being considered for a restriction proposal 
under REACH in the future.   
AMEC report on  (2012) pages 214-324 conclusions on page 250: 
http://echa.europa.eu/documents/10162/13580/abatement+costs_report_2013_en.pdf 
Report on restriction proposal on  lead and its compounds in certain articles intended for consumer use; 
http://echa.europa.eu/documents/10162/13641/rest_lead_bd_db010957-56_tc_en.pdf 

18
  The impacts of lead on predatory and scavenging birds were well known about a long time before this 

meeting – for example, the ban on shooting wildfowl in the USA in 1991 was implemented on the back of 
the Endangered Species Act due to secondary poisoning of bald eagles which had already been known 
about for decades. There was also European research on predators and scavengers dating back to the 
1980s and 1990s. 

19
  http://www.efsa.europa.eu/en/efsajournal/pub/1570.htm 

20
  http://www.who.int/ipcs/assessment/public_health/lead/en/ 
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advice, generally to reduce exposure to lead wherever possible, might have to be supplemented by 
targeted action for those who additionally eat game regularly as part of their diet. 
 
For the purposes of this report, the special risk to be assessed arises from the additional exposure 
to lead in those adults and children who frequently eat game containing lead from ammunition, and 
using data collected in or reflecting the situation in England. 
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History and context of the Lead Ammunition Group process 
 
The Peregrine Fund conference was a major factor causing the Lead Ammunition Group to be set 
up by the Government in England. In October 2009 the RSPB and WWT wrote to the Secretary of 
State for Environment, Food and Rural Affairs, The Rt. Hon. Hilary Benn MP21. Their letter (RSPB 
2009) drew attention to the new evidence about the risk to the health of humans and wildlife in the 
UK, believing that the evidence was compelling and required the attention of Government; and to 
that end they strongly recommended the setting up of a wider group of stakeholders, akin to the one 
set up in 1991, to make recommendations. 
 
Defra was at the time in a position of having to do something about compliance regarding the use of 
lead shot in wetlands and for shooting wildfowl as it was funding a compliance study, which was 
revealing a problem. A small-scale survey had been undertaken in 2002 by the RSPB and the WWT 
of game dealers and this indicated a poor level of compliance (in those supplying to game dealers). 
However, the method was criticised as not necessarily being representative of the whole shooting 
community, so in 2007 Defra commissioned ADAS to recommend methods that could be used in 
future compliance studies. This led, with the involvement of CLA, to a WWT/BASC compliance 
study in 2010, which used similar methods to those of the 2002 study supplemented by two 
questionnaire surveys. 
 
Notwithstanding, in November 2009 BASC22 responded to the RSPB, WWT letter on behalf of “the 
shooting industry” (BASC 2009)23. The response24 agreed that the evidence bearing on the potential 
risk to human health and wildlife was important and had to be addressed, justifying serious and 
reasoned attention by all the organisations involved in shooting activities. Attention was drawn to 
the importance of winning hearts and minds of shooting participants. An objective risk management 
approach was recommended. The response stressed that the shooting community did not accept 
that a case for sweeping legislative or regulatory restrictions on the use of lead ammunition had 
been made, and recommended that an existing industry group, the Lead in Ammunition Technical 
Working Group25, provided an appropriate forum for the matter to be addressed; while maintaining a 
constructive dialogue with Defra and Government agencies. 
 
Defra replied26 in December 2009 that “the department was unaware of any new research showing 
that lead ammunition residues or spent lead shot is a real threat to the conservation of wildlife in 
general in England”; but “departmental officials were being asked to look into the possibility of 
convening a group to look at possible impacts for wildlife of lead from ammunition, the welfare 
implications of available alternatives and potential effects from contaminated food on human health” 
(Defra 2009).  This led to a second letter27 from Defra in March 2010 and “a high level group (Lead 
Ammunition Group) being set up to look at the issues surrounding lead ammunition, focusing on the 
possible impacts for wildlife of lead from ammunition, the welfare implications of available 
alternatives and potential effects from contaminated food on human health. This was a joint move 
by the Department (Defra) and the Food Standards Agency (FSA) in response to increasing 
concerns relating to the issue” (Defra 2010). 
 
These concerns stemmed in part from the above-mentioned WWT/BASC compliance study that 
illustrated low compliance with the 1999 Regulations despite long-term efforts on the part of BASC 

                                                
21

  http://leadammunitiongroup.co.uk/rspbletter.html 
22

  For the avoidance of doubt it was the author of this draft report. 
23

  British Deer Society, Clay Pigeon Shooting Association, Countryside Alliance, Country Land and Business 
Association, Deer Initiative Ltd, Game and Wildlife Conservation Trust, Gun Trade Association, Moorland 
Association, National Game Dealers Association and the National Gamekeepers Association.  

24
  http://leadammunitiongroup.co.uk/shootingindustryletter.html 

25
  The Working Group had for many years been organised by BASC to bring together all interested shooting 

stakeholders, including target shooters, land owning bodies, the trades and service industries, Proof 
Houses etc. 

26
  http://leadammunitiongroup.co.uk/ministersletter.html 

27
  http://leadammunitiongroup.co.uk/letter.html 
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and others to encourage compliance, and had provided the most robust understanding to date of 
the views of shooters to lead and the use of alternatives. There was also at that time emerging 
awareness that there continued to be a high proportion of wildfowl with elevated blood lead levels 
and no reduction in mortality from lead poisoning following introduction of the 1999 regulations in 
England. This work was eventually published (Newth et al. 2012). 
 
In summary, concerns about lead in shotgun ammunition emerged in the early 1970s and gave rise 
to recommendations by the Royal Commission on Environmental Pollution in 1983: namely that 
“urgent efforts should be made to develop alternatives to lead shot and lead fishing weights” and 
that “as soon as these alternatives are available, the Government should legislate to ban any further 
use of lead shot and fishing weights in circumstances where they are irretrievably dispersed in the 
environment”. 
 
Following an IWRB workshop in 1991, the Government introduced regulations England in 1999 
banning the use of lead shot in certain wetlands and for shooting wildfowl. The Peregrine Fund 
conference in 2008 broadened awareness of wider risks to wildlife and human health, although the 
scope of those risks was unknown. 
 
Opinions across scientific and wildlife conservation communities were consistent throughout the 
thirty years since 1983: namely that lead is poisonous and every effort should be made to reduce 
exposure; and explicitly that this should include the additional exposure created by the use of lead 
ammunition for shooting. 
 
During this same period, there was growing evidence and concern in the medical and scientific 
literature that harmful effects, especially in children, were being seen at blood lead levels far lower 
than those previously thought to be without risk. 
 
Opinions within the UK shooting communities tended to be defensive, not least given the possible 
consequences of change for traditional technologies and skills bearing on the safety, effectiveness 
and cost of shooting. However, the principle of the shooter-conservationist applied, with acceptance 
of responsibility for the resource on which the sports of game shooting and wildfowling depended, 
leading to enquiry and evidence gathering to inform reasoned decisions and deal with the possible 
need for change. 
 
In a range of countries across the world and in parallel, restrictive regulations were introduced, and 
lead gunshot was replaced either for shooting wildfowl or over wetlands, or for all shooting. 
 
As the evidence of the wider risks of lead toxicity became more apparent and the risks to humans 
and wildlife were perceived to be more wide ranging; and as the regulations for wildfowl and 
wetlands were seen to be insufficiently upheld, the shooting community became increasingly 
concerned about the possible consequences of a potential wholesale replacement of lead in 
ammunition. This manifested itself in many ways including the questioning of the science 
background for replacement, arguing the ineffectiveness of the alternatives to lead, pressing for 
very high levels of proof before change might be contemplated, and stressing impracticality, cost, 
danger, and economic and social consequences.  
 
These concerns are crucial to this report because if a case for phasing out lead in ammunition is to 
be entertained it must show with confidence that the costs, of whatever nature, do not outweigh the 
benefits. 
 
Hence, although the toxicity of lead has been well established for centuries and a wealth of 
information on the impacts of lead shot shown to exist, opinions have differed sharply as to 
interpretation and significance.  At the time of writing this report there are profoundly opposing views 
among the stakeholders. It has been the aim of the Group and this report to review all the available 
relevant information, considerations and anxieties, and to draw conclusions based on all the 
evidence; and to provide advice and options for mitigation based upon it.  
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It is not the Group’s job or responsibility to decide, one way or the other, what, if anything, needs to 
be done to reduce or eliminate the risks and impacts described – that decision is a job for either the 
shooting industry, being a variety of organisations that represent shooting sports in line with the 
principle of self-regulation, or alternatively the relevant statutory and governmental bodies. 
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Definitions used within this report 
 
Accuracy: the degree of correctness or reliability of a value or estimate, or how closely a value or estimate 

approaches truth. Precision is the number of significant digits to which a value has been reliably 
measured. 

Environmental security: an environment protected from harm or adverse effects from natural or human 

processes so that resources are sustained for future generations. 

Bench-mark dose (BMD): dose of a substance required to cause the Bench Mark Response (BMR: see 
below). In this case it is the amount of lead in the human diet required to cause the BMR.  In practice, it 
is sometimes expressed as the increase in e.g. blood lead (B-Pb) associated with the BMR. 

Bench-mark response (BMR): measurable adverse clinical effect defined by an authority as being significant 

to human health. 

Bench-mark dose limit (BMDL): the lower limit of a one-sided 95% confidence interval on the BMD. This is 

often used as the “point of departure” when developing a health protective limit. 

Game (animal): hunted mammals or birds as distinct from game specified in any of the British Game Acts.   

Hazard: a situation or biological, chemical or physical agent that may lead to harm or cause adverse effects. 

Health: sound bodily or mental condition, in which all the functions are performed normally. 

Lead ammunition: ammunition used in a shotgun, rifle or air gun with the projectile component containing 
more than 1% lead

28
; possibly referring to the ammunition’s projectile component in the form of shot, 

bullets or pellets depending on context.   

Mitigation: alleviation or moderation of an actual or potential source of harm or adverse effect. 

Pathway: an exposure route by which a hazard affects a receptor; also described as linkage steps or sets.  

Receptor: a plant or animal including human exposed to and affected by the hazard.  

Risk: Exposure to danger or harm from a hazard combined with their likelihood/probabilities. Often expressed 

in terms of the likelihood and impact specified consequences.   

Risk assessment: the formal process of evaluating the consequence(s) of a hazard and their likelihoods and 

probabilities.  

Risk characterisation: how well the data support conclusions about the nature and extent of the risk from 

exposure to environmental stressors, in this case lead ammunition. 

Risk management: the process of appraising options for responding to risk, deciding which to implement, 

and monitoring implementation and effectiveness. 

Significant: indicating something that is of a general or particular importance whose consequences should 

not be disregarded.  This term differs in meaning from Statistically Significant.  

Statistically significant: An effect or difference observed in scientific data that is unlikely to have arisen by 
chance under a null hypothesis that there is really no effect.  Conventionally, “unlikely” is taken to mean 
that the probability of the effect having arisen by chance, given that there was really no effect, was less 
than one in twenty. Note that a difference or effect observed in a study can by highly statistically 
significant whilst also being small enough to be ignored for practical purposes.  Conversely, an effect 
that is really large and important may not be statistically significant because of small sample size or 
because too small a range of values of the causal agent has been documented. 

Stakeholders: individuals or representative bodies interested in, or affected by, an issue or situation. 

Uncertainty: limitations in knowledge about human health or environmental impacts and the factors that 
influence them. Uncertainty originates from randomness (aleatory uncertainty) and incomplete 
knowledge (epistemic uncertainty).  

                                                
28

 Lead is the preponderant material in all lead shot and most rifle bullets.  
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Shotguns, rifles and ammunition 
 
Shotguns and gunshot 
 
A  “shotgun” is a short-range smoothbore gun that normally shoots a charge of small pellets. 
Shotguns come in various styles and there are a variety of methods of construction: traditional 
single-barrel, or with the barrels in side-by-side or over-and-under configuration. They can be 
manual, semi-automatic or have a pump action mechanism for reloading.  
 
Effective ballistical range is normally up to 50 to 80 metres. Some codes of good practice for live 
quarry shooting strongly recommend ranges of around 40 m maximum – or 25 m for larger quarry 
such as geese. It is feasible to break a clay target, or exceptionally to kill an animal at longer 
ranges, but within three hundred yards (273 m) or so all the shot fired into the air will have fallen 
back to earth.  
 
Effectiveness decreases with increasing range because the pellets become dispersed over a larger 
area and the strike energy of each pellet decreases. Effective shotgun cartridges deliver good 
pattern (distribution) of the pellets and sufficient strike energy of all the pellets at practical shooting 
ranges.  
 
Effectiveness is also critically dependent on the shooter’s skill and using the right cartridge for a 
given shotgun. For further information on effectiveness and operating ranges BASC has produced 
an information sheet on Lead Shot Substitutes – what you need to know (BASC 2014). 
 
A “smoothbore” gun is one that lacks spiral rifling in the gun’s barrel. The barrel’s function is to 
provide direction, enable the shot load to accelerate upon firing to the required muzzle velocity, and 
throw an evenly spaced pattern of shot pellets down-range. Pattern is dependent on many factors 
beyond the scope of this introduction. 
 
The gun’s barrel consists of three sections (1) “the chamber” into which the ammunition cartridge 
(“shell” in north America) can be inserted, (2) the cylindrical bore along which the shot load is 
accelerated by the burning propellant powder and (3) usually there is a relatively short “choke” area 
at the end of the barrel that narrows slightly and concentrates the pattern of the shot pellets to stop 
them spreading too widely.  
 
Common chamber lengths range from 2½ inches to 3 inches. Barrel length may commonly vary 
from 26 to 30 inches. The degree of choke may increase from “true cylinder” to “full choke”. 
Chamber length, barrel length and degree of choke all vary depending on the gun, its design 
purpose and the owner’s choice.  
 
The calibre or diameter of the gun barrel is defined as its “bore” (in UK) or “gauge” (in north 
America) but the terms are nowadays used interchangeably. Common calibres scale up from 20 
bore (small) to 10 bore (large) the most common being 12 bore. Smaller and larger sizes are seen 
less frequently.  
 
The calibre and chamber size limit the size of the useable ammunition cartridge and the weight of 
shot pellets (its load) that can be fired. A cartridge is therefore commonly described, in the shop, in 
terms of its calibre, chamber length, shot pellet size and shot load weight.  
 
Shotgun cartridge pellets come in different sizes and different sizes will be chosen for different 
purposes. Pellet sizes are measured slightly differently in North America and Europe, but broadly 
speaking 1oz. (28 g) of “BB”, a very large shot size, contains some 50 pellets; and then the scale is 
numerical, common sizes ranging from number 2 (87 pellets per oz.) to number 5 (170 pellets per 
oz.) and upwards to number 9 (560 pellets per oz.). 
 
Shotgun pellets have traditionally been made of lead with traces of other metals to achieve 
performance specification, depending on manufacture. Lead is the best material for making shotgun 
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pellets because it is relatively heavy and soft, hence maintaining strike energy down-range and 
avoiding risk of scratching the gun’s barrel. It is also easy to form into spherical pellets of differing 
sizes. 
 
Nowadays other metals such as steel, bismuth and tungsten are commonly used as the pellets’ 
main constituents. The weight and malleability of the pellet constituents affects the number of 
pellets per gram, the pellets’ patterning characteristics, and strike energy.  And all these affect 
cartridge and shotgun design, manufacture, field-use and shooter-skills, and safety considerations. 
 
“Proofing” regulations prescribed in national laws and overseen in Britain by the Proof Houses 
contribute to safety. There is a non-mandatory international proofing committee that coordinates 
proofing regulations and is run by the gun and ammunition trades in combination with national 
safety authorities. It is called the Comité International des Preuves (CIP)29.  
 
At its simplest the proofing rules establish that a shotgun chamber will withstand specified maximum 
pressures on firing. These are commonly referred to as standard and magnum levels of proof. Steel 
shot cartridges (the most commonly used alternative to lead) are of two types: standard steel shot 
cartridges are safely useable in any standard proved gun; and high performance steel shot 
cartridges are to be used in a shotgun that has passed a special steel shot proof.  
 
 

Rifles and bullets 
 
Rifles shoot a single projectile or bullet. The barrel has spiral grooves that spin the bullet to improve 
its stability and accuracy throughout its trajectory. Like shotguns, rifles are of differing styles and 
constructions: single-shot, bolt action and semi-automatic mechanisms for feeding the cartridge into 
the chamber.  
 
Types of rifle include: airgun (firing a single pellet using compressed air), small bore (with a .22 inch 
calibre barrel and using a traditional cartridge and bullet configuration) and full bore (commonly of 
.243 inch calibre and larger). 
 
There is also a distinction between rim-fire cartridges, in which the ignition primer material is 
distributed around the rim of the cartridge and centre-fire cartridges in which the primer is placed 
centrally. Rim-fire cartridges are almost exclusively now limited to .22 small bore calibre, but even 
smaller centre-fire calibres such as .177HMR are increasingly common and generate far greater 
energy in line with full-bore ballistics. 
 
Generally, bullet weight increases with calibre and is measured in grains or grams 30. A .177-inch 
calibre airgun pellet weighs 8 to 10 grains (0.65 grams).  Small-bore bullet weights commonly used 
for shooting Rabbits Oryctolagus cuniculus are 20 to 50 grains. Common bullet weights for deer 
stalking range from 100 to 200 grains (some 6 to 12 grams).  
 
The theoretical lethal impact of a bullet depends to a large extent on its kinetic energy, which is 
governed by the bullet’s weight and speed commonly measured at the rifle’s muzzle – hence its 
muzzle velocity. The law prescribes the required minimum kinetic energy of bullets for shooting 
deer. This is defined slightly differently in different countries. The lethality of a bullet is also critically 
dependent on the fact that it “mushrooms” on impact to transfer its energy to the target causing 
lethal haemorrhaging and destruction of vital organs. Lead bullets also fragment on striking the 
target whereas copper bullets do not. This fragmentation of lead bullets can result in over half of the 
bullet’s lead content being dispersed along the wound track. Most fragments, some of them invisible 

                                                
29

  The Permanent International Commission for Firearms Testing (CIP) is an international organisation whose 
members are 14 governments, mainly European. The CIP safeguards that every civil firearm and all 
ammunition sold in CIP member states are safe for the users. Furthermore, the CIP also enforces the 
approval of all ammunition a manufacturer or importer intends to sell in any of the CIP member states. 

30
   1 Troy grain = 64.799 milligrams 
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to the eye, are found within a radius of 20 to 30 cms of the wound track, but lead contamination 
occurs at greater distances especially if carried by blood31. 
 
There are thousands of combinations of rifle cartridge constructions, calibres and weights and 
bullets, all designed for differing purposes and types of rifle (and user preferences). Different 
hunting practices and traditions have different preferences and legal requirements depending on the 
main quarry hunted and goal; for example whether the goal is solely to kill the animal with certainty 
or whether there is a conscious aim to minimise tissue damage and optimise the meat quality for 
food. Driven hunts favour larger calibres because bullet placement may be sub-optimal. If sitting on 
a high seat, smaller calibres may be preferred – easier to achieve accuracy with lower recoil. 
 
Effective range for killing lawful quarry animals extends from just 10 to 20 metres or so for an airgun 
(employing compressed air to project a single pellet). Normal ranges for shooting deer or large 
game lie between 20 and 150 metres. Specialist target shooting and sniping rifles may be used at 
much greater distances. 
 
Lead is the major constituent of traditional rifle bullets but it may be shaped and cased (jacketed) in 
a metal such as copper or copper alloys (e.g. Tombac), and for shooting animals will have a hollow 
or soft nose configuration (in which the copper casing does not extend to the tip but leaves a soft 
lead tip or nose exposed). The soft nose, shaping, casing and tip design produce distinctive 
performance, mushrooming and fragmentation characteristics of the chosen bullet, and will critically 
affect its stability and performance when fired at differing speeds and ranges.  
 
There is a long history of technical bullet development based on lead, and national laws and 
regulations are based on lead; but non-lead ammunition has been coming into use more commonly 
in the last ten years. The diversity and sophistication of lead ammunition far exceeds today’s copper 
ammunition. New materials and designs have however developed rapidly and present both 
problems and opportunities, some of which require changes to law that specify criteria to ensure 
acceptable lethality. 
 
Performance considerations go beyond use of an appropriate rifle with the correct ammunition and 
include their correct set-up and zeroing, in conjunction with telescopic sighting technologies, as well 
as the user’s understanding and proficient application of all the variables in a changing field setting. 
 
 

                                                
31

  There is uncertainty that this has been proven. In order for lead to be blood borne, the blood pressure and 
circulation of a deer would have to be maintained for a significant period after being shot – this may occur 
in wounded deer, though there is no known evidence of it. Blood stained, haemorrhagic meat is likely to be 
lead-contaminated, but this is because tiny fragments have shredded the muscle. 
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Lead and its properties as a poison 
 
Lead is the heaviest non-radioactive element. Its atomic configuration is especially stable in four 
isotopes. The next element above lead in the Periodic Table is bismuth. Bismuth has recently been 
discovered to be slightly radioactive but its half-life is so long, one billion times the age of the 
universe, that it is regarded as stable, too. 
 
Lead has a low melting point, is malleable and is easy to form into shot (and other commodities) 
and has excellent ballistic properties which are the reasons it has been used in guns for many 
hundreds of years. 
 
The toxic impacts of lead on plant, animal and human health have been known for centuries, but it 
is the effects at extremely low levels of chronic exposure that have become prominent more 
recently, as higher exposures from petrol and other sources have been removed. 
 
Lead’s effects are distinct from those of any other metal. If ingested, lead is poisonous to all animals 
including humans, affecting a wide range of body systems. Lead is a neurotoxin deposited from the 
blood in both the soft tissues and bones. Lead is poisonous regardless of whether it is ingested or 
inhaled. And since lead affects almost every body system, its effects are both general and 
complicated. 
 
The nervous system, including brain development, is especially sensitive to the effects of lead, 
particularly in young children whose nervous systems and functions are still developing. Effects of 
lead on cognitive development, resulting from effects on the brain, are irreversible. 
 
The concern about the role of lead in cognitive deficits of children in particular, has brought about 
widespread reduction in its use and rigorous rules for handling and disposal. Lead has been shown 
by many studies to permanently reduce the cognitive capacity of children at extremely low levels of 
exposure. It is now agreed by medical and veterinary science that lead has no beneficial function in 
the bodies of humans or other animals, and there is no lower limit below which it does not have 
harmful effects. 
 
Risk assessment to lead exposure is commonly measured in terms of the bench-mark doses 
(BMDs) associated with specific medical outcomes. These indicate the amount of lead associated 
with defined and measurable clinical responses, or BMRs, that are considered by health authorities 
to be significant.  The main clinical responses resulting from low-level long-term exposure of 
animals and humans to lead concern neurodevelopmental effects in their young, increased systolic 
blood pressure and cardiovascular diseases such as heart attack and stroke, as well as chronic 
kidney disease in adults. For details see EFSA 2010 and 2012 reports. 
 
It should be emphasised that the BMD is not the minimum dose that will cause harm and that a 
lower dose is safe: there is no safe dose of lead. Nor should it be taken that each individual (child) 
who consumes an amount of lead that results in a blood lead level associated with the BMD, will 
necessarily suffer the BMR; some individuals will be more affected and others less affected. The 
BMD is the dose that results in the specified BMR across a population (so it is an average). 
 
Lead’s toxic properties have made its control a global issue addressed by the World Health 
Organisation and United Nations agencies such as the United Nations Environment Programme 
UNEP. Measures for the control of lead emissions are extensive. While keeping UK’s treaty 
obligations under the UN Convention on Migratory Species AEWA and the WHO in mind, lead is 
subject to numerous EU directives and regulations including: 
 

a. Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH). 

 
b. Directive 2008/50/EC on ambient air quality and cleaner air for Europe. 
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c. Directive 80/68/EEC on the protection of groundwater against pollution caused by certain 
dangerous substances, repealed in 2014 by Directive 2006/118/EC on the protection of 
groundwater against pollution and deterioration.  

 
d. Directive 86/278/EEC on the protection of the environment, and in particular of the soil, 

when sewage sludge is used in agriculture contains a limit value for lead in sludge for use 
on land. 

 
e. IPPC Directive 2008/1/EC concerning integrated pollution prevention and control.  
 
f. Regulation (EC) No 1223/2009 on cosmetic products.  
 
g. Directive 2006/66/EC sets collection and recycling targets for batteries and accumulators 

including the prohibition of final disposal of automotive and industrial batteries into landfill 
and incineration and a target recycling efficiency of at least 65% by average weight of 
lead-acid batteries and accumulators, including recycling of the lead, to be met by 2011.  

 
h. Directive 98/83/EC (drinking water) on the quality of water intended for human 

consumption contains quality standards for lead. EU-wide guideline for Pb in drinking 
water is 10 μg Pb/L.  

 
i. Directive 2006/11/EC on pollution caused by certain dangerous substances discharged 

into the aquatic environment of the Community.  
 
j. Directive 2000/53/EC on end-of life vehicles.  
 
k. Decision 2000/479/EC (EPER) Lead is part of EPER (European Pollutant Emission 

Register).  
 
l. Water Framework Directive 2000/60/EC and EQS Directive 2008/105/EC: EU EQS for 

lead in surface waters of 7.2 μg Pb/l (annual average). Lead is a Priority Substance, 
requiring progressive reduction in emissions, discharges and loses to surface water.  

 
m. Directive 75/442/EEC on waste, Directive 91/689/EEC on hazardous waste and the 

related Decisions 2000/532 and 2001/118.  
 
n. Directive 1999/31/EC on the landfill of waste with general provisions with regard to the 

control of discharges.  
 
o. Directive 2000/76/EC on waste incineration contains specific provisions with regard to 

lead emissions.  
 
p. Directive 2002/95/EC on the restriction of the use of certain hazardous substances in 

electrical and electronic equipment (RoHS) and 
 
q. Directive 2002/96/EC on waste electrical and electronic equipment (WEEE).  
 
r. Directive 98/70/EC relating to the quality of petrol and diesel fuels, sets environmental 

fuel quality specifications to be applied (with effect from 1 January 2000 and 1 January 
2005) to fuels for vehicles equipped with positive ignition engines (petrol) and with 
compression ignition engines (diesel). The Directive led to the ban of sales of leaded 
petrol in the EU, although tetra ethyl lead additive is still produced within the EU for sale 
outside of the European market. This has, in turn, led to a dramatic decline in ambient 
lead levels in the EU environment. 

 
s. Directive 2001/80/EC on large combustion plants (LCPs). The Directive is intended to 

reduce emissions of acidifying pollutants, particles, and ozone precursors. It requires 
significant reductions in emissions from existing plants (those licensed before 1 July 
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1987) by 1 January 2008; either through compliance with emission limit values (ELV) for 
NOx, SO2 and dust or through a national emission reduction plan that achieves an 
equivalent overall reduction. Whilst this does not set emission limit values for lead, the 
abatement techniques expected to be applied for reducing dust emissions are expected 
to have a significant impact on reducing emissions of heavy metals, including lead.  
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Method 
 
The method for carrying out the tasks required by the Group’s terms of reference followed the 
approach prescribed by Green Leaves III (Defra and Cranfield University 2011), namely to:  
 

1. Formulate the problem to ensure clear focus and structured approach 
 
2. Carry out an assessment of risk based on the available scientific and other evidence 
 
3. Identify and appraise the options available for mitigating and managing any significant 

risks, and 
 
4. Address the risks through an action plan with advice on options and the chosen 

management strategy.  
 
The Main Committee initiated Stage 1 by an iterative discussion as published in the minutes of its 
meetings. This formulation of the problem was refined and rendered amenable to evidential 
evaluation by further discussion within a Primary Evidence Subgroup established for that purpose. 
 
Assessment of risks, as required by Stage 2, specifically to wildlife and human health, was also 
delegated to the Primary Evidence Subgroup. The Subgroup’s terms of reference and name were 
accordingly extended to include “risk assessment”. The Subgroup was thenceforward known as the 
Primary Evidence and Risk Assessment Subgroup (PERA Subgroup). The Subgroup ensured that 
the risks were accurately represented but it did not address mitigation. 
 
The identification and appraisal of available mitigation management options (Stage 3) were initially 
delegated to a Mitigation Subgroup, though in practice were to some extent addressed by the PERA 
and Mitigation subgroups jointly. 
 
The Main Committee kept Stage 4 in hand and at the time of writing this will flow from this report: 
namely the development of advice for possible management to further address the risks. 

 
 

Formulating the problem – method 
 
The problem was prescribed and agreed by the Group’s stakeholders’ experts at the outset in the 
Group’s Terms of Reference32 as being to identify and assess possible risks to wildlife, and 
secondly to advise on possible options for managing the risks to human health arising from 
increased exposure to lead as a result of lead ammunition use. For human health, the problem 
focused on giving greater precision to (1) risks to the general public who eat game occasionally, and 
(2) especially vulnerable groups such as children and pregnant women, and to other adult high-level 
consumers for whom game is a regular part of their diet. 
 
The Government’s then named Food and Environment Research Agency (FERA)33 also presented 
a summary of evidence concerning the contamination of wildlife and the environment arising from 
the use of lead ammunition (Quy 2010). (This agency is now renamed as the Animal and Plant 
Health Agency.) 
 
In this light the Group’s Main Committee instructed the Primary Evidence Subgroup (as it was at the 
start) to collate, organise and evaluate the available evidence base. The Main Committee agreed at 
its 4th meeting in 2010 to accept the recent report it had received from Dr Diane Benford of FSA and 
to align its risk assessments with the detailed scientific evaluation and conclusions of EFSA 2010. 
The Group would not set out to repeat the work done by EFSA and FSA.  

                                                
32

  http://leadammunitiongroup.co.uk/reference.html 
33

  http://www.fera.defra.gov.uk/contactUs/ 
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Nonetheless, the Subgroup chose to deal with the human health problem under two headings:  
 

a. The possible risks to humans as a result of consuming wild game including venison shot 
with lead ammunition.  

 
b. Possible risks to the food chain as a result of spent lead ammunition deposited on farm and 

agricultural land. 
 
It decided that the first step, to ensure the relevance of evidence to UK, was to classify primary 
sources as potential: 
 

a. UK based evidence. 
 

b. International evidence. 
 
Secondly, given the variability of sources of potentially relevant and useable evidence, it was 
decided to distinguish three categories: 
 

a. Peer reviewed and published papers from recognised and established journals (to include 
those which have ISBN numbers and those published by accredited organisations and 
expert bodies). 
 

b. Reports of generally recognised quality such as internal reports from agencies and 
institutions that have been commissioned but not necessarily published (to perhaps include 
proceedings of technical or scientific conferences, workshops and seminars). 
 

c. Articles from other journals or other sources containing evidence of accepted quality and 
relevance but not falling within the other two categories i.e. “grey literature”. 

 
The Main Committee kept this process under close review recognising that the provenance, quality 
and relevance of evidence could be a source of contention with some interested stakeholders and 
bystanders. Indeed it is appropriate to acknowledge that some of the representatives on the Main 
Committee were known, from the outset, to hold public and opposing views on outcomes. 
Nonetheless, every committee member undertook to follow the evidence and work collegiately, 
contributing their expertise and experience independently of any personal conclusions on the matter 
or the views of any organisations with which they might be associated. This was not ideal, but the 
only way to get the job done given that the Group’s work was to be entirely voluntary and 
unsupported by public funding. 
 
The Main Committee stressed that the relevance of evidence, adduced from outside UK, to any risk 
assessment for the UK should be clearly explained and judgments made on a case-by-case basis. 
 
The Main Committee therefore in the first instance tasked the Primary and Risk Assessment 
Evidence Subgroup to prepare a report on the primary evidence base, finalising criteria and 
guidelines and advising the Main Committee of these. The Subgroup’s remit, explicitly, was to 
prepare a preliminary list of research and evidence sources together with the criteria for selection 
and commentary on reliability or relevance. This Primary Evidence Report is published on the Lead 
Ammunition Group’s website34,35. 
 
It was also agreed that the Subgroup might take into account additional reference material agreed 
relevant to the task at hand. Such further sources of primary evidence arising during the preparation 
of the risk assessments were to be listed in the individual risk assessments. 

                                                
34

  http://leadammunitiongroup.co.uk/pdf/Primary%20Evidence%20References%2020%20October% 
202010.pdf 

35
  In recent iterations of the Group’s risk assessments and mitigation discussions, sources of evidence and 

expert advice have been used; as the process of quality and relevance assessment has become 
established and the sources are always made clear.  
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The Lead Ammunition Group also considered research undertaken by a company of consultants, 
Harris Interactive, working for the Food Standards Agency in Scotland. The Agency in Scotland had 
commissioned this research project on the ‘Habits and behaviours of high-level consumers of lead-
shot wild-game meat in Scotland’ (Food Standards Agency Scotland 2012) and to investigate their 
habits and behaviours associated with its consumption. This report, based on surveys of game 
consumers largely in Scotland, was followed by a risk assessment (Food Standards Agency 2012) 
and gave rise to advice from FSA to game consumers across the entire UK (Food Standards 
Agency 2012/2). The report by Harris Interactive and the FSA’s risk assessment based on it were 
also taken into account by the PERA Subgroup in preparing the human health risk assessments. 
 
The FSA’s advice included that “eating game on a frequent basis can expose people to potentially 
harmful levels of lead … and that frequent consumers of lead shot game should eat less of this type 
of meat”. The FSA did not detail what is meant by a frequent basis, or what the harmful 
consequences might be, or indeed how much less people ought to consume. FSA did however 
highlight that “this advice is especially important to vulnerable groups such as toddlers and children, 
and pregnant women and women trying for a baby, as exposure to lead can harm the developing 
brain and nervous system”. The Agency, once again, did not detail what it meant by vulnerable 
groups, or what the consequences of the harm might be. The lack of detail in the Agency’s advice 
and surrounding discourse appears not to have impacted on consumer awareness and 
consumption; and no research has apparently been done to find out the effectiveness of the advice. 
 
A further apparently unrelated complication, relevant to the formulation of the problem, was the 
degree to which the Lead Ammunition Group should revisit the evidence behind the 1999 
regulations banning the use of lead shot for shooting wildfowl and its use in wetlands. On one hand 
it was argued that that risk assessment had been concluded in 1991 prior to the mitigating 
regulations of 1999. On the other hand there was evidence that compliance with those regulations 
was weak and this was an enforcement issue. For others the evidence concerning waterfowl and 
wetlands that had compelled the 1999 regulations should not be ignored as the Group was tasked 
to evaluate current risks to wildlife from lead ammunition; and if risks to waterfowl and wetlands 
were continuing, they needed to be included in the assessment. After discussion within the Main 
Committee and the Subgroup it was decided that a résumé should be provided for completeness, 
as the risks to wildfowl and wetlands remained material to the Group’s work. 
 
 

Assessing the risk – method 
 
The methodology for assessing the risk was accomplished, as already explained, by extending the 
Primary Evidence Subgroup’s remit to include risk assessment; and in November 2010 it became 
the Primary Evidence and Risk Assessment Subgroup (PERA Subgroup). The Subgroup’s 
chairman, Professor Levy, invited Professor Rhys Green, a conservation scientist from the 
University of Cambridge and RSPB, who has worked on lead poisoning from ammunition sources, 
and Dr Peter Green MRCVS, a distinguished veterinarian and deer expert, who was proposed and 
supported by the British Deer Society, to join the Subgroup.  
 
The Subgroup duly produced its own terms of reference which were submitted to and approved by 
the Main Committee as follows: 
 
Purposes:  
 

a. To gather and list sources of evidence for assessing the risks of lead in ammunition under 
the categories outlined below. 

 
b. To advise on the quality, applicability and therefore inclusion of such evidence for risk 

assessment. 
 
c. To propose a risk assessment method. 
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d. To use the proposed evidence sources to prepare an initial risk assessment under the 
categories outlined below. 

 
Risks to wildlife from ingested lead from ammunition were to include welfare considerations, 
individual and population level risks. 

 
Risks to human health from the ingestion of lead from ammunition were to include both risks 
associated with the ingestion of lead gunshot/bullets or fragments thereof in game animals, and 
the ingestion of animals that have themselves ingested and assimilated lead from ammunition. 
(It might also include any other perceived risks arising from lead ammunition). 

 
Risks to human health through livestock feeding in areas of lead shot deposition were to include 
risks from lead deposited through inland shooting, including clay pigeon and other target 
shooting. 

 
Process: 
 
From the many papers on lead risks and impacts, the Subgroup aimed to list those that provided 
comprehensive coverage of the key issues and the most current, relevant, science-based 
information and reviews available. Where authoritative reviews were used the Subgroup was to 
provide an opinion on the soundness of the authors’ interpretations. Additional references might be 
added if deemed appropriate at any time.  
 
The primary evidence gathered was to cover the risks from lead in ammunition and not comparative 
risks of other materials used for non-lead ammunition types. 
 
Information sources were categorised as follows:  
 

a. Published in independently peer-reviewed established journals. 
 
b. Published in independently peer-reviewed other literature (e.g. proceedings of 

conferences) or published reports written by 'accredited' expert specialist groups (which 
may have an ISBN number or be freely available online). 

 
c. Other reports, e.g. commissioned by government, academic institutions and NGOs - not 

published, or published but not peer-reviewed. 
 
d. Other literature considered being of sufficiently high quality in total or with some information 

useful to the Sub-Group. 
 
The Main Committee duly received four risk assessments in 2013:  
 

a. “An evaluation of the risks to human health in the UK from lead derived from 
ammunition” drafted by Professor Rhys Green and Dr Debbie Pain and endorsed by 
the whole PERA Subgroup and its Chair  (see Appendix 1). 

 
b. “The risks to human health through livestock feeding in areas of lead shot deposition” 

drafted by Dr Peter Green MRCVS and endorsed by the whole PERA Subgroup and 
its Chair (see Appendix 2). 

 
c. “Lead Ammunition and Wildlife in England (UK)” by Dr John Harradine and Dr 

Alastair Leake (see Appendix 3). 
 
d. “An evaluation of the risks to wildlife in the UK from lead derived from ammunition” by 

Dr Debbie Pain and Professor Rhys Green (see Appendix 4). 
 
All the members of the PERA Subgroup agreed and endorsed the first two of the above risk 
assessments. 
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The reason for there being two wildlife risk assessments stemmed from disagreement between Dr 
Pain/Professor Green and Drs Harradine/Leake on appropriate approach for assessing this risk, 
and as a consequence there were two risk assessments received. Further explanation is provided 
later. 
 
The Main Committee accepted however, that both treatments were properly done and reflected a 
genuine spread of approach and opinion. The Committee noted that the conclusions were similar 
and requested the Subgroup to see if it might prepare a statement of agreed conclusions on which 
everyone might settle. 
 
The Main Committee and the Subgroup were therefore able to arrive at a Statement of consensus 
conclusions regarding the risks to wildlife, as representing a true and fair characterisation of the 
risks to wildlife, so far as the evidence permitted (see Appendix 5).  
 
 

Appraising the options and addressing the risks – method 
 
Mitigation options were considered in the light of the risk assessments. The outworking of this was 
that there was deemed to be a spectrum of problems needing to be addressed according to the 
principles prescribed in Green Leaves III Chapter 4. 
 
In February 2014 the Main Committee established a Mitigation Subgroup with General Sir Barney 
White-Spunner CBE as its Chair. Membership was open to all members of the Main Committee and 
included Dr Ruth Cromie from WWT36. The Subgroup’s task was to list and assess possible 
mitigation options for consideration by the Main Committee. These have been taken forward in the 
later sections of this report. 
 
The Mitigation Subgroup was provided with the following terms of reference. 
 
Purpose: 
 

To bring together members of the Lead Ammunition Group’s Main Committee to list and 
consider possible mitigation options for the risks identified in the four risk assessments covering 
human health and wildlife, including the risks to wildlife agreed separately at the main 
committee’s 10th meeting at Slimbridge.  

 
Aims: 
 

a. Provide the Lead Ammunition Group with a report listing options for mitigation of the risks 
identified by the PERA Subgroup and agreed by the Main Committee. 

 
b. Include in that report, so far as possible in the time available, any information or views on 

the likely mitigating impact, feasibility, costs and upside and downside consequences and 
potential for effectiveness monitoring for the options listed. 

 
c. If the Subgroup considers that it may have a role to play it must make a proposal for 

approval. 
 

                                                
36

 Head of Wildlife Research for the Wildfowl and Wetlands Trust 
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Considerations: 
 

 The Subgroup was to have particular regard for Green Leaves III Chapter 4 (Appraising the 
Options)37. 

 

 The Subgroup was to operate strictly in accordance with the Terms of Reference of the 
Lead Ammunition Group.  

 

 Efforts were to be made to list and assess the efficacy of all possible mitigation options and 
countermeasures; their likely value, effectiveness in reducing or eliminating the identified 
risks to acceptable levels. 

 
At the same time the Main Committee requested the Mitigation Subgroup to action plan some 
emerging mitigation options targeted at improving the effectiveness of the existing 1999 regulations 
for wetlands and wildfowl. This was deemed relevant because it needed to be known whether, and 
to what degree, the 1999 regulations might reasonably be expected to reduce the risks to wildfowl 
and wetland species to acceptable levels. 
 
 
 
 
 

                                                
37

  https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69450/pb13670-green-
leaves-iii-1111071.pdf 



Lead Ammunition, Wildlife and Human Health Report  

22 

Results of risk assessment 
 

Risks to human health 
 
As already explained in earlier sections of this report, the assessment of additional risks to human 
health following exposure to lead ammunition residues in diet, had to take account of risks from 
background lead sources already acknowledged as being of concern by European authorities, UK 
government and FSA.  
 
A starting point for the Lead Ammunition Group’s assessments was therefore provided by the EFSA 
(2010) conclusion that “in adults, children and infants the margins of exposures (to lead in the daily 
diet) were such that the possibility of an effect from lead in some consumers, particularly in children 
from 1-7 years of age, could not be excluded; and protection of children against the potential risk of 
neurodevelopmental effects would be protective for all other adverse effects of lead, in all 
populations”. 
 
EFSA’s 2010 opinion in respect of children was sustained in EFSA’s 2012 report notwithstanding 
the latter’s updated conclusion that general lead exposures in Europe were substantially less than 
reported in 2010.  
 
These two reports stressed the variability of the results of measurements of lead concentrations 
from different foods and the possible biases resulting from reliance on data from a small number of 
countries contributing disproportionately to the data sets. The reports indicated high lead levels 
were frequently found in game meat and game offal products. The key conclusions from the EFSA 
2010 and 2012 reports, relevant to the Lead Ammunition Group’s remit, are outlined in Appendix 10; 
though the reader is recommended to read the original reports. 
 
EFSA (2010) was in many ways a landmark opinion because it dispensed with, as invalid, the 
previously established health-based guidance based on the idea of safe thresholds. Instead, EFSA 
adopted a dose-response method, calculating the amount of lead in the diet (the Bench-mark Dose 
or BMD) that would result in a blood lead concentration associated with defined health responses in 
people (calculated from long-term studies of individuals or as a mean across populations) – namely 
the Bench-mark Responses or BMRs. EFSA defined significant health responses at a population 
level as being a 1-point reduction in IQ (i.e. a 1% decrease in IQ), a 1% increase in systolic blood 
pressure, and a 10% increase in the incidence of chronic kidney disease. The lower one-sided 95 % 
confidence bound of the BMD, denoted BMDL, was taken as the reference point. In general, the use 
of the BMDL as a reference point is a conservative approach that takes account of uncertainty due 
to sparse data or variation among studies, and is thus considered to be health protective.38 
 
EFSA determined the following BMDLs derived from blood lead levels in micrograms per litre, μg/L 
(and corresponding dietary intake values in μg/kg b.w.39 per day): developmental neurotoxicity 
BMDL01, 12 (0.50); effects on systolic blood pressure BMDL01, 36 (1.50); effects on prevalence of 
chronic kidney disease BMDL10, 15 (0.63). 
 
The risks to human health can therefore be judged against three measurable but related policy 
benchmarks as the context and methodological approach dictate:  
 

a. The European Union (EU) on the basis of advice from EFSA set maximum levels for 
certain contaminants with a view to reducing their presence in foodstuffs to the lowest 
levels reasonably achievable by means of good manufacturing or agricultural 
practices. The objective is to achieve a high level of public health protection, 
especially for sensitive population groups, such as children. Lead absorption is 

                                                
38

  Note that LAG’s risk assessment uses the less health protective BMD for calculating the amount of game 
predicted likely to cause the given BMR. If the BMDL were used the amount of game associated with the 
BMR would be much smaller.   

39
  Micrograms per kilogram of body weight. 
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recognised to constitute a serious risk to public health, since it may slow cognitive 
development, impair intellectual performance in children and increase blood pressure 
and cardiovascular diseases in adults. The degree to which meat from game shot 
with lead is likely to exceed such benchmark levels of lead (in meat or poultry 
products) is therefore an important consideration. The maxima are currently set at 0.1 
mg/kg-wet weight for adults, and at a much lower level of 0.02 mg/kg-wet weight for 
infants and children. The regulations are set out in Commission Regulation (EC) No 
1881/2006; and for infants and young children by Directive 2006/125/EC and 
Directive 2006/141/EC. The regulations do not apply to game meat, but they 
nonetheless represent an important benchmark and can be seen referred to in the 
risk assessment for risks to human health via livestock. 

 
b. A different but related approach has been adopted in the Lead Ammunition Group 

risk assessment, namely to estimate the amount of gamebird meat of a given lead 
content that would need to be consumed to cause the BMD blood lead level 
associated with the specified clinical outcomes or Bench-mark Response. The BMRs 
used in the Group’s risk assessments followed those defined by EFSA (2010), i.e. a 
10% increase in the likelihood of chronic kidney disease (CKD), a 1% increase in 
systolic blood pressure, and neurodevelopmental harm in children represented by a 
1% IQ reduction (i.e. a 1 point reduction). The assessment also considered a 
response not included in the EFSA report, namely a 10% increase in the risk of 
miscarriage in pregnant women. Using this approach the key question then became: 
how many people eat that amount of gamebird meat?  

 
c. A third approach to assessment of the effects of game consumption on blood lead is 

to measure the blood lead levels of those in different groups known to consume 
differing quantities of game, and to compare these with blood lead levels in people 
that do not consume game. This can be compared with the EFSA reference points for 

systolic blood pressure effects in adults (36 g Pb/L blood), CKD in adults (15 g 

Pb/L blood) and for IQ effects in children (12 g Pb/L blood). This approach has been 
taken in Sweden, Norway and similar studies are available for elsewhere. Such work 
has not been attempted in UK though Professor Green and Dr Pain proposed such a 
study to GWCT and BASC in December 2009. The suggestion was to work with UK 
medical researchers and to seek research funding jointly with them. GWCT and 
BASC decided not to take up this suggestion at that time given the Lead Ammunition 
Group’s emerging investigations and plans.  

 
 

Risks to human health from lead ammunition 
 
The PERA Subgroup drafted two reports on risks from direct and indirect ingestion of lead from 
ammunition: 
 

a. “An evaluation of the risks to human health in the UK from lead derived from 
ammunition” drafted by Professor Rhys Green and Dr Debbie Pain and revised and 
endorsed by the whole Subgroup (see Appendix 1). 

 
b. “The risks to human health through livestock feeding in areas of lead shot deposition” 

drafted by Peter Green and endorsed by the whole Subgroup (see Appendix 2). 
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The PERA Subgroup risk assessment for human health (a) 
 
The first Subgroup human health risk assessment concluded that people could be exposed to and 
affected by lead from ammunition via four main exposure routes (linkage sets A – D): 
 

A. The ingestion by human consumers of whole lead shot or large fragments of lead shot or 
lead bullets in game meat, their subsequent retention in the appendix or bowel followed 
by absorption of lead into the bloodstream and/or disease caused by the presence of the 
foreign body. 

 
B. The ingestion of lead derived from small fragments of lead shot or bullets in game meat 

from the ammunition used to kill the game animal and the absorption of lead through the 
intestine wall. 

 
C. The ingestion and absorption of biologically incorporated ammunition-derived lead in 

game meat. This may occur when game animals have been exposed to lead from 
ammunition before being killed, and where this has become biologically incorporated 
within their tissues. 

 
D. The inhalation or ingestion of lead aerosol/fume or dust from ammunition at firing ranges. 

 
 
The conclusions from this assessment are as follows:  
 

a. The potential level of exposure of human consumers to ammunition-derived lead 
described for linkage set B includes the lead from linkage set A. 

 
b. Fragmentation of lead projectiles occurs frequently when they strike game animals.  This 

occurs both when deer and other large game are shot with lead rifle bullets and when 
small game, such as birds, are shot using shotgun cartridges containing lead shot. 

 
c. For large game such as deer and boar shot with lead bullets, some lead fragments 

remain in meat and meat products following normal meat processing and culinary 
practice. 

 
d. Small lead fragments from bullets can be widely dispersed in the tissues with most being 

contained up to 30 cm from the wound track40. These are not removed unless the edible 
tissues this distance from the wound site are discarded during preparation. 

 
e. It is unlikely that animals shot in the head, neck or thorax will have significant amounts of 

ammunition-derived lead in the cuts of meat from the hindquarters and most of the lumbar 
region, but meat from the neck and thorax is likely to be contaminated. (No detailed 
research has yet been undertaken in the UK to measure the dispersal of lead fragments 
and lead levels in venison meat products; though carcasses have been x-rayed to show 
that it happens. Studies of this have been conducted in Norway, Sweden and Germany 
and are summarised in Appendix 12).  

 
f. For small game shot with pellet shot some lead fragments generally remain in meat from 

most parts of the carcass ingested by consumers after normal meat processing and 
culinary practices.  Lead shotgun pellets also fragment and a small proportion of the shot 
volume will remain in the carcasses of shot animals as small particles, which may be 
invisible to the human eye. 

 
g. Small radio-dense fragments may be found in the carcasses of gamebirds even where no 

whole shot or large shot fragments are apparent. This is likely to have occurred when 
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shot has passed through the animal. It is not feasible to remove such small fragments 
during practical food preparation and cooking. 

 
h. Mean lead concentrations in meat from both large and small game animals shot with lead 

ammunition are often elevated, and frequently considerably elevated41, above the levels 
considered acceptable for meat derived from the muscle tissue of non-game animals 
under EU Regulation 1881/2006. 

 
i. Mean lead concentrations are likely to be generally higher in game meals made from 

small game shot with lead gunshot (such as gamebirds, waterfowl and rabbits) than 
meals made from large game (such as deer and boar) shot with lead bullets. However, 
meat and offal derived from tissues from the region of the body where a large game 
animal has been shot (such as the thoracic region) may have high lead concentrations. 

 
j. The majority of the general population of the UK does not consume wild game frequently, 

but calculations based upon two independent surveys of active shooters indicate that at 
least tens of thousands and possibly hundreds of thousands of people are ‘high-level 
consumers’. The term high consumer of game meat and offal was used by EFSA (2010) 
to describe adults with a mean frequency of consumption of game meat of one game 
meat meal per week, averaged over a year. 

 
k. Part of the ammunition-derived dietary lead intake from the tissues of game animals 

ingested by humans is absorbed in the alimentary tract and enters the bloodstream.  
Regression analyses of data collected from humans and in vitro simulations of absorption 
indicate that the absolute bioavailability of ammunition-derived lead is lower than that of 
lead in the general diet. The regression method suggests that bioavailability of 
ammunition-derived lead by adults is approximately 40% lower.  However, absolute 
bioavailability of ammunition-derived lead remains sufficient to cause elevated blood lead 
concentrations. 

 
l. No detailed separate evaluation of linkage set C was considered to be required because 

comparatively little biologically-incorporated lead is likely to be present in the muscles of 
game animals that have ingested lead from ammunition in the environment and, in any 
case, the measurements of lead concentrations in game meat referred to for linkage set B 
include lead from this source. Hence, the potential level of exposure of human consumers 
to ammunition-derived lead described for linkage set B can be taken to include any lead 
from linkage set C. 

 
m. There is a potential risk to people who use (primarily indoor) firing ranges from the 

inhalation of lead fume, aerosol and dust and ingestion of lead dust, especially to 
occupational workers, people that use firing ranges frequently, such as the military and 
the police, and to hobby shooters. The level of risk is related to the frequency of use and 
the adequacy of control measures. In the absence of readily available monitoring data for 
the UK, the risk assessment was not able to evaluate this risk. 

 
The comprehensive study by EFSA (2010) found that the average adult in the EU appears to be at 
little risk of negative effects on the cardiovascular system or kidneys from current levels of dietary 
lead exposure. However, some frequent consumers of game (i.e. one 200g meal per week 
according to the report) were considered potentially at risk from these health effects as a result of 
exposure to dietary lead. 
 
EFSA (2010) found that children were the group most vulnerable to health effects from general lead 
exposure. EFSA considered there was a potential risk that some children in the EU could incur a 
reduction in IQ as a result of feasible current levels of exposure to dietary lead (i.e. excluding 
regular consumption of game). The increase in risk in those children additionally and frequently 
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consuming game frequently was not evaluated separately by EFSA, but such additional exposure to 
dietary lead would of course increase the risk. 
 
The first Subgroup human health risk assessment concluded: 
 

a. The consumption of 200 g of wild gamebird meat per week could increase the dietary 
exposure to lead of adults in the UK by approximately 7-8 times over exposure from all other 
dietary components combined, i.e. ‘background exposure’ (FSA 2012, Green & Pain 2012). 

 
b. For toddlers (1.5-4.5 years old), the UK Food Standards Agency (FSA 2012) estimate that 

consuming 60g of pheasant per week could result in 5 times the background dietary lead 
exposure, and Green & Pain (2012) estimated that weekly consumption of 118 g and 100 g 
of gamebird meat could result in approximately 7.0 and 7.4 times the background dietary 
lead exposure in 6 to 9 year-old and 2 to 5 year-old children, respectively. 

 
c. The UK Food Standards Agency (FSA) consider that the increased exposure resulting from 

high-level consumption of game (200 g per week averaged over a year), particularly 
gamebird meat, would be a concern in the case of toddlers, young children and pregnant 
women42 in the UK, because of the neurotoxicity of lead to the developing brain. 

 
d. From estimates of dietary exposure to lead for adults, consumption of one or two 120 g 

venison meals per week is unlikely to result in thresholds for health concerns being 
exceeded, whereas there is potential increased risk of kidney and cardiovascular effects with 
regular consumption of one or two 100 g gamebird meals. Risks are proportionately lower for 
people who eat game meat less frequently or occasionally. 

 
e. Using scenarios of gamebird meat consumption that are hypothetical but cover the range 

established by surveys of high-level consumers of game in the UK, potential health risks 
associated with the consumption of gamebirds shot with lead were identified as listed below 
(f to j). The three Benchmark Responses (BMRs) included were selected by EFSA (2010) 
because such changes could have significant consequences for human health on a 
population basis. 
 

f. A potential neurodevelopmental risk (associated with a 1 point IQ reduction, the EFSA BMR) 
to children that consume 0.4 to 0.7 (40-70 g total weight) gamebird meals per week.   
 

g. A potential change in children’s SATs writing tests scores equivalent to the EFSA BMR for 
IQ in children that consume 0.13 to 0.21 (12.7 to 20.4 g total weight) gamebird meals per 
week. 
 

h. A potential risk of a 10% increased prevalence of chronic kidney disease (the EFSA BMR) in 
adults that consume 1.2 to 1.9 (240-380 g total weight) or 4.0 to 6.5 (800-1300 g total 
weight) gamebird meals per week. 
 

i. A potential risk of a 1% increase in systolic blood pressure (the EFSA BMR) in adults that 
consume 3.2 to 5.2 (640-1040 g total weight) gamebird meals per week. 
 

j. A potential risk of 1% increase in the prevalence of spontaneous abortion in pregnant 
women that consume 2.8 to 4.6 (560-920 g total weight) gamebird meals per week. 

 
In each of the bullet points above, the results for the higher assumed value of absolute 
bioavailability of ammunition-derived lead is given first, followed by that for the lower value 
determined by a regression method.  Both values are given because they probably bracket the true 
value. The higher value is that typically used for non-ammunition lead. It is likely to be too high 
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because some of the metallic lead in ammunition fragments in game meat will not be absorbed.  
The regression-based estimate may be too low because of a probable negative bias introduced by 
the statistical method.  
 
Consumption of a given amount of venison would probably lead to lower levels of ingestion of 
ammunition-derived lead than for the same amount of gamebird meat averaged across the year. 
However lead levels in venison are likely to be highly variable, depending on the cuts of meat 
consumed.  
 
It is also concluded that the risks are lower for people who eat game occasionally. 

 
Based on these conclusions from Appendix 1, the following summary points can be made: 

 
1. The consumption of meat from wild game animals killed using lead ammunition poses risks 

to some high-level consumers of wild game.  
 

2. The risks are very low for the general population who consume wild game infrequently.   
 

3. The number of high-level consumers subjected to elevated risk cannot be estimated 
precisely, but approximate calculations indicate that the number is at least tens of thousands 
in the UK.  
 

4. Potential adverse effects on the health of high-level consumers include reduced intelligence 
and cognitive function of children, increased risk of spontaneous abortion in pregnant 
women and cardiovascular effects and chronic kidney disease in adults.   
 

5. The human health risk assessment is based mainly on calculations using measured levels of 
contamination of game meat with ammunition-derived lead and absolute bioavailability 
estimates of lead from people consuming wild birds killed using lead shot. 
 

6. Consumption of venison from deer killed using lead bullets is likely to cause lower levels of 
ingestion of ammunition-derived lead than the consumption of gamebirds killed with shot, but 
this is likely to vary according to the cuts and amounts of meat consumed and the rigour with 
which shot-damaged meat is identified and discarded. The reader is referred to studies 
recently completed in Germany, Norway and Sweden that shed more light on lead levels in 
cervid meat cuts and products.   

 
7. The first PERASG human health risk assessment adopted the Bench Mark Dose (BMD) 

approach, rather than the BMDL approached used by EFSA (2010). This was done because 
of the difficulties in obtaining and incorporating estimates of uncertainty in some parts of the 
calculations. An important consequence of this is that the conclusions of the first PERASG 
human health risk assessment are less health precautionary than they would have been if 
the BMDL approach had been used. The numbers and weights of game meals consumed to 
give the BMDL would have been lower, probably considerably so, than the numbers and 
weights of game meals consumed to give the BMD. 
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PERA Subgroup assessment of risks to human health arising from livestock exposure to 
lead ammunition (b) 
 
The assessment of risks to human health arising from livestock exposure to lead ammunition was 
also prepared in line with the recommendations of the “Green Leaves III Guidelines for 
Environmental Risk Assessment and Management” (DEFRA and Cranfield University 2011). The full 
risk assessment is included in Appendix 2 to which the reader is referred. 
 
In summary, for the purposes of this risk assessment  “livestock” was taken to mean: 
 

 Dairy cattle and goats producing milk. 
 

 Cross-bred dairy calves reared for beef and dairy cull-cows consigned to the human food 
chain. 

 

 Beef cattle bred and fattened for beef. 
 

 Sheep bred and fattened for lamb and mutton. 
 

 Free range pigs bred and fattened for pork. 
 

 Free range poultry producing eggs and/or chicken carcasses for human consumption. 
 

 Other free range avian species (ducks, geese, quail etc.) from which human food 
products are derived.  

 
The main conclusions were: 
 

a. There are no primary data indicating the level of deposition of lead from shooting on 
pastureland or crops cultivated primarily as livestock feeding areas and simultaneously used 
for recreational, occasional or rough shooting or shot over for vermin control. A number of 
references indicate the possible extent of lead deposition from ammunition on livestock 
feeding areas. Some of these also describe the poisoning of cattle feeding on silage/haylage 
grown in clay shooting areas. 

 
b. There is an important distinction between land that may occasionally be shot over, as above, 

and land that is intensively shot over (to shoot clay targets or live birds). Continuums exist 
between these extremes but for the purposes of the risk assessment the risks at the 
extremes are addressed so far as possible.   

 
c. Six studies indicate the possible deposition levels and their effects on ground used 

intensively for shooting. Evidence is provided of plant uptake, and higher than normal lead 
levels in wild mice and soil microfauna. One instance is provided from Sweden of elevated 
lead levels in trout from a stream running through a clay shooting area.  

 
d. Soil acidity increases lead’s movement through the soil and uptake by plants. Lead levels in 

topsoils decline after shooting has ceased for a number of years. Lead deposition can occur 
up to 300 m outside the main areas of deposition as the result of downwind deposition of 
lead dust and powder created when shot strikes the clay target. 

 
e. Livestock animals can ingest lead from forage, water and soil contaminated by lead pellets. 

The risk assessment looks separately at the intake of lead pellets by food-producing birds, 
including gamebirds.  

 
f. The risk assessment provides an evidence-based review of the pathophysiology of lead in 

food-producing livestock and the potential for lead to pass from livestock animal tissues to 
animal-derived human food products.  
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g. Although not included as livestock, it is noted that deer often subsist as grazing and 
browsing ruminants within the same habitats as cattle and sheep in the UK; and meat 
products from deer are consumed as venison, sausages, pies, pates and soups. There is 
limited evidence to suggest that deer differ from cattle and sheep in their metabolism of lead. 

 
h. No primary evidence was found establishing a hazard to human health from lead shot 

deposition on ruminant or pig feeding areas used for low-level or occasional shooting. 
 

i. Where livestock are exposed through ingestion to elevated levels of lead from a variety of 
sources including ammunition, concentrations of lead in blood, offal and meat may be 
elevated and exceed, often by many times, current exposure levels of concern from a food 
safety perspective used by the AHVLA43.  

 
j. Blood lead levels generally increase with increased exposure to dietary lead. However, the 

relationship between lead intake and blood or tissue levels is complicated by the livestock 
species, the form of lead ingested and other dietary and physiological factors. 

 
k. Cattle and chickens may exhibit blood lead levels higher than current thresholds of concern 

for human health but remain free of clinical signs of lead toxicosis. When elemental lead, 
such as lead shot or fragments of lead from acid battery plates, are eaten by cattle they may 
remain in the forestomach and give rise to contaminated milk and offal without the cattle 
showing any clinical signs. When cattle suffer clinical lead poisoning, there is a risk that 
tissues and milk may remain high in lead for many weeks after recovery; but in some cases 
milk remains unaffected. 

 
l. Intensive clay pigeon shooting or target rifle shooting may deposit sufficient lead on pasture 

to increase lead intake to toxic levels for livestock if the grass is harvested for silage or 
haylage. 

 
m. Chickens kept on high lead soils, ingesting lead paint or exposed to lead shot on the ground, 

may have tissue and egg levels of lead in excess of EU maximum permitted foodstuff levels 
(EUMLs). 

 
n. Where elemental lead is deposited on terrestrial habitats by shooting, the lead persists for 

many years. Some of this lead may gradually be converted into soluble lead compounds that 
are more readily absorbed by mammals including humans than the pure element. 

 
o. Monocotyledonous plants (barley and ryegrass) and dicotyledonous plants (lettuce, radish, 

clover, oil seed rape, celery, and parsley) take up lead into their tissues. At natural 
background soil levels, this take up is very low, but for the monocotyledonous plants 
(ryegrass and barley) the take-up is linear in nature and may rise to levels in the leaves that 
exceed the maximum permitted EU lead levels in green fodder when soil lead levels 
approach 1300 mg/kg of EDTA extractable lead.44 

 
p. A potential pathway for the source (lead ammunition) to the intermediate receptors 

(livestock) is therefore established. But the risk of this pathway being significant is 
proportional to the degree of contamination of the soil attributable to lead shot deposition. 
Physical and chemical conditions in the soil also influence the onward availability of lead. 
Increasing organic material in the soil reduces the bioavailability and uptake of lead from 
contaminated soil. Cattle have been noted to avoid lead-contaminated pasture if they can.  

 
q. Lead from ammunition is more likely to be transformed and available for uptake in soils with 

low pH. Soil lead levels reported in Scandinavian and Czech investigations were all from 
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forest sites with low (acid) soil pH, which the researchers pointed out would have increased 
lead corrosion and bioavailability. 

 
r. A further potential pathway to the intermediate receptors is the ingestion by them of the soil 

itself, including metallic lead in the form of pellets deposited on the ground and lead 
compounds derived from that metallic lead. Livestock may consume a significant proportion 
of dry matter dietary intake as soil and, if this soil is contaminated, with lead the animals may 
suffer lead toxicosis. 

 
s. The uptake of lead into small mammals and frogs at a lead-contaminated site was 

considered to be of soil origin, most probably being the result of lead pellet deposition. 
 

t. Livestock may consume metallic lead in the form of pellets and poultry when contamination 
of the ground is excessive, for instance on or adjacent to clay pigeon shooting ranges. 

 
Based on these conclusions the following summary points are made: 
 

a. By all potential pathways (consumption of forage, ingestion of soil and ingestion of pellets) it 
is credible that the intermediate receptor (food producing livestock) can be exposed to levels 
of lead intake that exceed maximum permitted and recommended levels for livestock feed in 
the EU (EFSA 2004). 

 
b. For the general agricultural environment (i.e. pastoral or arable land that is not regularly 

and/or heavily shot over and not immediately adjacent to clay pigeon shooting ranges) there 
was no primary evidence available to suggest deposition of spent ammunition in the UK at 
levels that might realise these pathways; but this subject has not been investigated in any 
detail.  

 
c. The situation is different in areas that are heavily and/or regularly shot over (or are adjacent 

to and within the fallout range of such areas), such as clay pigeon shooting sites, rifle ranges 
and perhaps driven pheasant shoots where guns are repeatedly sited in the same place. At 
such sites there is evidence that levels of soil contamination by lead shot may pose a risk of 
lead toxicosis in livestock, particularly in cattle both through consumption of conserved silage 
or haylage from such sites, and by soil ingestion. 

 
d. The limited information available suggests that this does not appear to be the case for 

haymaking from such sites. 
 

e. Poultry exposed to such sites are at particular risk and there is evidence that birds may be 
poisoned by ingestion of lead pellets from shooting. For such intensively shot-over sites the 
risk of the pathway from the habitat to the intermediate receptor is therefore credible and 
established, as illustrated by a communication in 2013 from AHVLA (Payne et al. 2013), 
leading to the withdrawal of eggs by Waitrose from their supermarkets and other reports of 
poisoned poultry from the same report 45. 

 
f. Between the two extremes (land with no shooting or very limited shooting and long-term clay 

pigeon shooting sites) the extent of lead shot deposition is proportional to the intensity, 
frequency and longevity of the shooting activity.    

 
Since a significant risk for livestock was identified, the risk assessment proceeds to consider the 
final step of the potential pathway, which is the transfer by human consumption of foodstuffs derived 
from the intermediate receptor (livestock). 
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The conclusions were:  
 

a. Livestock exposed to lead of gunshot origin have been shown to have tissue (liver, kidney 
and blood) lead concentrations in excess of levels now considered to be of potential food 
safety risk, although one reference is cited that found no evidence of transfer of lead to milk, 
even in cattle with persistently elevated blood lead levels after an episode of acute lead 
toxicosis.  

 
b. One cited authority showed no detectable placental transfer of lead to the calves of 

chronically-poisoned cows. Another showed persistently elevated blood lead levels in heifers 
recovering from lead poisoning, but there was no testing of meat or milk products from these 
animals. 

 
c. Pigs fed at five times the maximum EU permitted levels of lead in pigmeal had lead levels in 

the offal that were below the EU maximum permitted human foodstuff lead level for offal. 
 

d. Lead-poisoned poultry may be free of clinical signs but have lead levels in eggs and meat 
that exceed EU permitted levels for up to 10 days after the dietary source of lead is 
removed. The levels of the dietary lead intake for such effects to be seen are high, but such 
high levels of intake have been reported in chickens farmed adjacent to a clay pigeon 
shooting range.  

 
e. The implications for food safety of lead poisoning in cattle and sheep in the UK were 

considered from one reference that analysed the episodes of recorded bovine lead toxicosis 
on the Veterinary Laboratory Agency’s database between 1998 and 2008. Where the source 
was established, 133 were associated with lead paint, 117 with lead-acid vehicle batteries 
and 112 with geochemical contamination. 31 cases (6.8%) were found to be the result of 
ingestion of metallic lead, which included lead shot from clay pigeon shooting, lead from 
flashings and pipes and metallic lead from other unspecified sources. (Payne & Livesey 
2010). 

 
f. There are no reports of ruminants or pigs grazing agricultural environments where 

occasional and/or light shooting occurs suffering lead intoxication attributable to ammunition.  
 

g. In the few reported cases where cattle suffered lead toxicosis from silage and haylage 
contaminated with very high levels of lead from considerable numbers of pellets, the 
conserved forage came from clay pigeon ranges. In these cases the cattle had kidney lead 
concentrations between 8 and 36 times current EU permitted lead levels of 0.5 mg/kg wet 
weight (depending upon whether wet weight or dry weight value are considered EU 
1881/2006). 

 
h. There are no primary data that show cases of transfer of lead derived from shooting through 

animals grazing areas of lead shot deposition to humans from consumption of animal 
products. However, such animal to human transfer would not be the subject of research 
studies as this would be unethical, and the evidence indicates that livestock feeding on 
silage or haylage harvested from these areas have the potential to transfer such lead into 
the human food chain. The risk assessment stresses that control measures are in place to 
stop such transfer where cases of lead poisoning are identified. 

 
By reference to the published information and from these statistics it is possible to estimate the 
possible upper limit of exposure of humans to lead derived from milk, red meat and offal attributable 
to ammunition. SCOOP (2004) indicates that the surveillance of food products in the UK between 
1993 and 1997 revealed that 0.001 (0.1%) of milk samples, 0.006  (0.6%) of meat samples and 0.09 
(0.9%) of offal samples were found to be at or above the maximum EU levels for lead.  Payne & 
Livesey (2010) indicate that approximately 7% of lead poisoning episodes in cattle and sheep in the 
UK arise from ingestion of metallic lead, including fall-out from shooting.  
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From these statistics the risk assessment estimates that the upper possibility of the frequency with 
which shooting-derived lead occurs in red meat is 0.006 X 0.07, equivalent 0.00042 (0.042%) of red 
meat consumed. The corresponding frequency for milk is therefore 0.00007 (0.007%) and for red 
meat offal 0.0063 (0.063%). The data provided by Payne & Livesey (2010) for lead poisoning of 
cattle and sheep combines ingestion of shooting-derived metallic lead with lead pipes, lead 
flashings and other exposures to the elemental metal; the figures given above represent an 
estimate of the risk of human exposure if all the metallic lead poisoning incidents were shooting 
derived. The true risk of human exposure from this source must therefore be lower than these 
figures, but it is impossible to compute this risk from the available data. 
  
In the case of poultry however, the risk assessment concludes that there is primary evidence that 
human food products (eggs and chicken meat) may acquire hazardous levels of lead when chickens 
range over land heavily contaminated with the fall-out from intensive shooting and it is likely that 
pheasants and partridges may affected similarly, although the incidence of ingested lead pellets in 
pheasants and grey partridges on UK sporting estates appears from the small number of studies 
conducted to be higher than the corresponding incidence in red-legged partridges.  
 
In conclusion, this risk assessment establishes that the risk to human health via the livestock food 
chain from the deposition of lead from ammunition in England and Wales should be considered in 
the light of two levels of shooting intensities. These two levels represent opposite ends of a 
continuum of shooting activity and therefore of lead deposition. 
 
For the general agricultural pastoral environment (i.e. areas over which shooting is of low and 
infrequent intensity) the following summary points are made: 
 

a. A potential source-pathway-receptor model of lead from shooting adversely affecting human 
health in the UK through ruminants, pigs and poultry is credible, but the risk assessment was 
unable to find any studies showing such human exposure.  
 

b. At low intensity shooting, the proposed pathway is unlikely to exist or to be significant for the 
following reasons: 

 

 The risk assessment found no data on the level of contamination of the general 
agricultural environment or of grazing land by lead from lead ammunition deposition and 
therefore of plant or soil contamination at levels considered significant. However, 
detailed studies of the general agricultural environment have not been conducted. 

 

 A non-acidic soil with high organic material content significantly reduces bioavailability of 
lead; and this is likely to be the case on permanent grassland and productive leys in the 
UK. 

 

 The risk assessment found no reports of lead derived from ammunition deposited on 
agricultural livestock feeding areas being taken up by foraging livestock. 

 

 There is evidence from AHVLA and FSA surveys of lead in livestock derived foodstuffs 
that lead is rarely taken up from all livestock food sources at levels of potential concern 
to human health.  

 
In the general agricultural pastoral environment of the UK, where little or infrequent shooting occurs, 
the risk assessment concludes that the risk to human health from ammunition-derived lead in meat, 
eggs or dairy products is to be considered  “negligible”. 
 
For areas frequently and intensively shot over, the following summary points are made:  
 
Shooting ranges in use for many years have been widely and objectively investigated for evidence 
of lead pollution and the results reported in the peer-reviewed literature. 
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a. Continuous or repeated use of the same areas for discharging large quantities of lead 
ammunition, such as many clay pigeon shooting grounds and perhaps some long-
established game shoots (and the target areas of rifle ranges) are likely to give rise to levels 
of lead deposition that will adversely affect the health of livestock grazing or foraging the 
areas of pellet fallout and the immediate vicinity.  

 
b. Whether or not similar levels of lead shot discharge and deposition occur in the context of 

game shooting is a function of the intensity and longevity of the shooting activity in any one 
localised area.  

 
c. Poultry, including chickens, ducks, partridges and pheasants appear to be especially at risk 

from feeding or foraging in such areas.  
 

d. Harvesting silage or haylage from such areas is likely to give rise to toxic effects upon the 
livestock fed on the conserved forage.  

 
e. Although the risk assessment found no evidence of onward transfer of toxic levels of lead to 

humans from ruminants or pigs under such circumstances, such potential transfer is 
plausible and the risk should therefore be assessed as very low but not negligible. 

 
f. When poultry, including chickens, pheasants and ducks, forage over land that is repeatedly 

or continuously used for shooting or shot over and on which deposition of lead is high, there 
is primary evidence of transmission from source to the end stages of one of the potential 
pathways (eggs) and strong circumstantial evidence for a second pathway (poultry meat).  

 
g. The risk to human health from poultry ranging over these areas must therefore be 

considered to be present but low.  
 
The Lead Ammunition Group’s remit did not include the giving of advice regarding risks to domestic 
farm animals, as they are the responsibility of farming and veterinary agencies. Since the risks to 
human health via ruminants or pigs (and deer likewise) are estimated to be very low, and since the 
risks via poultry are “present but low”, the Group has not treated further mitigation of the risks at low 
shooting intensity sites, for the time being, as a priority. More prominent clay shooting areas are 
likely to be subject to local authority planning consents and best practices for health and safety on 
shooting ranges overseen by sport and competition governing bodies.46 
 
 

Uncertainties concerning risks to human health 
 
The following information gaps were identified during the preparation of the two PERA Subgroup 
Human Health Risk Assessments. 
 

a. Data on consumption levels of wild shot game in the UK. 
 

Further accurately collected data on the size, type and frequency of wild game meals 
consumed in England and the other UK countries would improve the precision of the 
estimate that at least tens of thousands of people are high-level consumers of game meat.  

 
To some extent this uncertainty has been recently addressed by web surveys of BASC and 
CA members (Ellis 2014). This supported the validity of the estimates in the risk assessment. 
The methodologies of the BASC and CA surveys were different but both broadly supported 
the levels of game consumption indicated by the original risk assessment. Results from the 
BASC and CA surveys reported to the 11th LAG meeting on 16 April 2014 were that the 
surveys estimated that 5,500 – 12,500 under eight year olds consumed game once a week 

                                                
46

  An incident in New Zealand in September 2103 is pertinent? 
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11319558 
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or more, and that 27,000 – 62,000 adults eat game more than once a week averaged over 
the year (point 11.2 of the 11th LAG meeting minutes). For comparison, the PERASG human 
health risk assessment estimated that the minimum number of children in the UK eating 
game meat at least once per week, averaged over the year, is about 11,000 and the number 
of all persons eating game meat at least once per week was up to 71,000. Hence, the results 
of the surveys are similar. 

 
b. The levels of gunshot-derived lead on agricultural pastures in the UK where rough shooting 

and occasional shooting occurs. 
 

c. The levels of gunshot-derived lead in the vicinity of repeatedly-used shooting stands and the 
extent to which the fall-out includes livestock pasture. 

 
d. The effect of soil type and management on the mobilisation of ammunition-derived lead. 

 
e. The plant lead levels on pasture where occasional shooting occurs compared with 

appropriate controls. 
 

f. The investigation of the physical and chemical dynamics and bio-accessibility of ammunition 
derived lead in pastures. 

 
g. The patho-physiological distribution of lead into skeletal muscle [meat] and eggs in livestock 

and poultry consuming varying levels of lead. 
 

h. The transfer of lead into milk and meat in chronically subclinically poisoned cattle. 
 

i. The transfer of lead from pellets ingested by game birds and chickens to meat and eggs in 
these birds. 

 
j. The uptake and patho-physiology of lead in deer. 

 
The scant information about levels of gunshot-derived lead in land that is occasionally shot over 
could be addressed through further measurements. It can be expected that substantial quantities of 
lead shot will have been deposited and accumulated in some areas, and that if so, the same 
ecological and geophysical consequences will follow depending on the amount of accumulation. 
The impacts will be proportionate to the amount of shooting and the characteristics of the substrates 
where the deposition takes place. 
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Risks to wildlife 
 
The PERA Subgroup’s remit from the Main Committee was to assess risks to wildlife from ingested 
lead from ammunition including welfare considerations as well as other individual and population 
level risks. 
 
Although the Subgroup’s aim was to conclude a single risk assessment for wildlife agreed by all the 
Subgroup’s members this was, as mentioned earlier, not achieved. Two risk assessments were 
produced:  
 

a. “Lead Ammunition and Wildlife in England (UK)” by Dr John Harradine and Dr Alastair 
Leake (Appendix 3) 

 
b. “An evaluation of the risks to wildlife in the UK from lead derived from ammunition” by 

Dr Debbie Pain and Professor Rhys Green (Appendix 4). 
 
Differences between the two assessments were due to the following: 
 

a. Harradine and Leake focused on reports and publications for England (UK), whereas Pain 
and Green used more studies from elsewhere, using evidence about pathway steps from 
non-UK studies where applicable to the situation in the UK. 
 

b. Detail of source-pathway-receptor linkages was assessed in greater detail in Pain and 
Green. 

 
c. Assessments of reliability/applicability of evidence sources are given for whole studies 

addressing multiple topics in Harradine and Leake, whereas Pain and Green used only 
those parts of studies sufficiently sound and relevant to a particular pathway step and 
mentioned caveats. 

 
The two risk assessments therefore drew and formulated their conclusions somewhat differently; 
and Harradine and Leake assessed a narrower spectrum of evidence than Pain and Green.  
 
There was however sufficient agreement on the main areas of risk for the PERA Subgroup to 
present to the Main Committee with a statement of consensus (Appendix 5) and the Committee 
agreed these risks under the following headings: 
 

a. Risks arising from the day-to-day exposure of wildlife to the lead deposited by shooting and 
available to wildlife in the general environment and ecosystems; 
 

b. Welfare effects on the individual wild animals so exposed; 
 

c. Effects on wildlife population processes and the possibly reduced ability of exposed 
individuals to function normally and complete their life cycles; and 

 
d. Effects on population size and current classifications of population status or condition47. 

 
 

                                                
47

  See Defra’s National Statistics Release: Bird Populations in England 1970 to 2012 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/251174/Wild_birds_statistica
l_release_1970-2012_ENGLAND_final.pdf. 
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Wildlife exposure to lead from ammunition  
 
The agreed conclusions were as follows: 
 
Is wildlife in the UK exposed to lead from ammunition? 
 

It is estimated that at least 6,000 tonnes of lead are dispersed annually from ammunition in 
the UK. This comes from gunshot and/or bullets from game shooting, clay shooting, pest 
control and deer stalking. Potentially this is available to wildlife. Exposure potentially occurs 
wherever shooting takes place and spent ammunition remains on/in soil or water or in the 
bodies of shot animals. 
 
 

Are there pathways from spent lead ammunition to wildlife? 
 

Five potential source-pathway-receptor models are identified. 
 

1. Direct ingestion of spent lead ammunition from the environment. 
 
2. Indirect ingestion of spent lead ammunition by predators/scavengers in the bodies of their 

prey. 
 
3. Movement of spent ammunition lead via plants into their consumers. 
 
4. Movement of spent ammunition lead via soil ingestion or soil organisms/invertebrates into 

their consumers. 
 
5. Movement of spent ammunition lead from embedded shot/bullets into body 

tissues/organs. 
 

Evidence of pathway 1 is available for many species of wildfowl, some other waterbirds and 
gamebirds, in the UK and overseas. Evidence of pathway 2 exists for some raptor species in 
the UK and overseas. Evidence exists for pathway 3 and 4, but there are few studies from the 
UK. A possible pathway 4 is identified for Woodcock. There are few studies of pathway 5.  
 
A range of other species of wildlife may be exposed, although few relevant studies have been 
done in the UK. These include corvids and other scavengers (pathway 2)48. Ground-foraging 
passerines and pigeons, as well as other forms of wildlife, including small mammals/frogs may 
be exposed through pathway 3 and 4 in areas of high shot-fall (such as clay target grounds). 
 
The lack of specific studies in the UK of any or all of the pathways in wildlife species does not 
necessarily mean they do not exist. 
 
 

Are there significant risks to the welfare of wildlife? 
 

Sub-clinical and clinical, behavioural, developmental and reproductive impacts of above-
background tissue lead levels from ingested lead ammunition in wildlife are expected to cause 
welfare impacts for many birds which ingest ammunition, as well as all those animals which 
die from lead poisoning. 

 

                                                
48

  Since the evidence of risks to scavenging species from lead-based ammunition was considered for the risk 
assessment, a further paper on the subject (in line with the above conclusions) has been published. See 
Johnson et al. (2014). 
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From the known pathology and physiology of the poisoning plus its effect on coordination and 
mobility, there is a high probability of serious welfare impacts in the majority of the individual 
birds that ingest lead. 
 
 

Are there significant risks to wildlife in terms of effects on individuals and population processes? 
 

Deaths and impaired reproduction of individual animals, caused by direct and indirect 
ammunition lead poisoning, will affect death rates and birth rates and therefore population 
processes. Adverse effects from ingested ammunition lead, including death, occur or are likely 
to occur in individual birds (and some other animals) where source-pathway-receptor linkages 
occur or are likely to occur. To date they are recorded in the UK for wildfowl and some other 
waterbirds, some gamebirds, Red Kite, and possibly other raptors (Buzzard/Peregrine 
Falcon). 

 
 
Are there significant risks to wildlife in terms of effects on population size? 

 
The extent of lead exposure in some species suggests the potential for effects on population 
size, although the detailed studies necessary to establish this have not been undertaken in 
species found in the UK. The extent to which lead poisoning mortality may be compensated 
for by other factors affecting survival is unknown, and therefore population size may or may 
not necessarily be impacted. 

 
 
Significant knowledge gaps 
 

The following significant knowledge gaps were identified for the UK: 
 

a. Woodcock exposure through contaminated earthworms49;  
 
b. Corvid/raptor/mammal exposure through scavenging lead-shot bird/animal 

carcasses/discarded intestines;  
 
c. Woodpigeon Columba palumbus exposure; 
 
d. Invertebrate/passerine/small mammal etc exposure in high density shot fallout areas;  
 
e. Extent of impacts derived from localised high density shot fallout areas on wildlife 

populations at regional/other level; and 
 
f. Impacts of ammunition lead on UK wildlife population size and processes using 

measurements of effects of lead on demographic rates and simulation models of 
population processes. 

 
 

Uncertainties in assessment of risks to wildlife 
 
Although it has been pointed out to us that species differ in susceptibility to lead poisoning, current 
knowledge confirms the conclusion that lead is toxic in all vertebrates and that its toxic effects are 
likely, in all species, to increase with dose.  
 
Some have argued that because there is no conclusive direct evidence that toxicity from 
ammunition lead is proven to cause population declines of wildlife species in UK, there is no 

                                                
49

  The same applies to all vertebrate wildlife that may be exposed through eating earthworms or other 
invertebrates that may have elevated lead levels. 
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significant problem to be addressed. However, it is clear that lead affects population processes and 
has the potential to affect or already be affecting population size in some species (namely some 
waterfowl species). The lack of before/after data for the UK, as lead ammunition has been used for 
so long, makes it almost impossible to test the hypothesis that population level effects are 
occurring50. But Mute Swan populations increased in some areas of England following the banning 
of lead fishing weights and this has been attributed to population level effects of lead angler’s 
weights. 
 
It is also apparent that society is not only or even mainly concerned with effects at the population 
level in its interactions with animals. The health and welfare of individual animals are also generally 
held to be important. And very serious health and welfare problems commonly occur in animals 
(including humans) without threatening the viability of their populations.  
 
Regardless of lead’s population effects, there is no doubt that, depending on the dose, lead 
poisoning can seriously affect health and welfare (the pathology and clinical signs are consistent 
with causing severe and prolonged discomfort, distress or pain) and that it can and does kill large 
numbers of birds.  The number of birds suffering welfare problems because of ammunition-derived 
lead is at least as large as the number killed by lead poisoning annually. 
 
 

                                                
50

  This “lack of control” problem is raised in several places in this report. It is exactly the same issue that 
confounded early medical studies of impacts of lead on humans. There was widespread exposure to most 
people making comparative studies very problematic; and also developing the case against lead in petrol.  
By the 1970s, human exposure lead had become so widespread from multiple sources that there was no 
such thing as a unexposed ‘control’ population against which to make comparisons. It took major efforts to 
locate uncontaminated human tissues (Peruvian mummies 
http://www.nejm.org/doi/full/10.1056/NEJM197904263001703 ) to demonstrate the extent to which 
contemporary exposure to lead was anything but ‘normal’. See Settle & Patterson 1980. 

http://www.nejm.org/doi/full/10.1056/NEJM197904263001703
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Risk management 
 

Risk register 
 
In order to organise and allow a rational approach to the range of risks identified above, the Main 
Committee adopted a risk register approach. The Register of Risks and Mitigation has been 
developed for the purposes of this report and founds on evidence and discussions in the Main 
Committee and with members of both subgroups and is included as Appendix 6.51  
 
The format of the Risk Register follows a standard suggested by Defra but has been adapted to 
some extent for the Group’s purposes. The following principles are applied: 
 

a. All the principal risks are included. This is to avoid any being excluded or overlooked 
because they might be unwelcome. Some obvious and agreed less serious risks are not 
included in the Register in the interests of simplification.  
 

b. The risks are described in the words as close as possible to those used in the risk 
assessments or in the consensus statement for wildlife. This is to avoid misunderstanding or 
introducing new emphasis. In the event of minor differences the relevant risk assessment or 
consensus statement for the wildlife risks is authoritative. 

 
c. For each risk, the efficacy of each potential countermeasure is graded where possible. This 

shows whether a countermeasure can reasonably be expected, if fully implemented 
according to agreed plan:  

 
i. To eliminate; 
 
ii. Partially reduce;  

 
iii. Have some effect in combination with other countermeasures; or  

 
iv. Have no effect at all. 

 
A cross-risk reduction efficacy worksheet makes it possible to see at a glance what combinations of 
countermeasures might mitigate the risks, and to what extent and cost. 
 
A RAG rating (red, amber and green) is also applied to mitigating countermeasures according to a 
scale recommended by Defra: 
  

Red: Stop - the approach to addressing this risk is considered to be poor, becoming 
critical. This may be because there is no coherent action plan prepared or the actions 
that have been taken so far seem to have had insufficient impact on the risk or a critical 
point is looming and decisive action is necessary to avoid serious problems, external 
criticism or funding being withheld. 

 
Amber: Caution - the approach to addressing this risk is currently sitting between fine 
and poor. A good action plan has been prepared and is being implemented.  The actions 
are currently containing the risk, rather than reducing the level of threat.  There is still a 
significant likelihood that this risk could ‘go wrong’ very easily – there may be changing 
external circumstances or there may have been little time for the impact of the actions to 
‘kick in’.  Some critical deadlines are on the horizon and important progress needs to be 
made relatively quickly. 

 

                                                
51

  The Register is a combination of the initial output of the Mitigation Subgroup received on 3 April 2014, 
various (at least 3) iterations of the Register and takes account of further discussions with LAG 
representatives at a meeting on 30 October 2015 held at FSA, London. 
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Green: Proceed - the approach to addressing this risk is considered to be fine.  A 
comprehensive action plan has been prepared and the risk is responding to early 
actions that have already been taken. Good performance monitoring information is in 
place to give early warning of problems with this risk. There may be a lengthy period 
before critical points are reached. 

 
Attention has additionally been given to checking consistency of grading with other authorities for 
assessing environmental, animal welfare and human health impacts as described below. 
 
For environmental impact, attention has been given to Defra’s guidance (Defra 2013) for assessing 
environmental impact. The outworking of these principles is provided in Appendix 9.  
 
For animal welfare impacts, consideration has been given to the standards adopted by the Farm 
Animal Welfare Council for captive animals insofar as they can be applied to wild animals (see 
Spedding 2009). The Banner principles are transferable to the policy of continuing to permit the 
continued use of lead ammunition.  
  
The Register uses the following grading scales. 
 
 

Risk likelihood 
 
Current likelihood is the likelihood that the event described in the “Description” and “Consequence” 
columns occurs for at least some animals or persons in the “at risk” populations52. The following 
scale is applied: 
 

High: very likely (significantly greater than 50:50 chance).  The risk is very likely to 
occur this year or at frequent intervals in the foreseeable future (say the next 18 months 
to 3 years). 
 
Medium: likely (around 50:50 chance).  The risk is likely to occur this year or more than 
once in the foreseeable future (say the next 18 months to 3 years). 
 
Low: possible (significantly less than 50:50 chance).  The risk may occur this year. 
  
Very Low: very unlikely to occur this year; unlikely to occur in the foreseeable future 
(say the next 18 months to 3 years). 

 
 

Risk impact 
 
The principles for impact assessment provided by Defra were as follows (the elements most 
relevant to the Group’s work are italicised). These have been developed as follows:  
 

High: huge financial loss or budgetary over-run; death or significant public health 
concerns; key deadlines missed; very serious legal concerns (e.g. high risk of 
successful legal challenge, with substantial implications for the Department); major 
environmental impact; loss of public confidence. 
 
 

                                                
52

  For example, if there is a good chance that any children would be exposed to regular consumption of game 
this year then the ‘Current Likelihood’ of risk would be ‘High’, even if this is only a few children. The 
likelihood does not take numbers of persons or animals that could be affected into account as this is taken 
into account under ‘Current Impact’.  
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Medium: major financial loss or budgetary over-run; some public health effects; 
deadlines need to be renegotiated with customers; potentially serious legal implications 
(e.g. risk of successful legal challenge); significant environmental impact; longer-term 
damage to reputation. 
 
Low: medium financial losses; minor or reversible health effects; local reprioritising of 
delivery required; minor legal concerns raised; minor impact on the environment; short-
term reputation damage.  
 
Very Low: negligible financial, public health, delivery, legal, environmental or 
reputational effects. 

 
 
Human health 
 
For the assessment of lead’s current impact on human health, grading is based on the size of the ‘at 
risk’ population, as estimated in the “Description" column and associated notes.  We have used the 
following scale, which closely matches that suggested by Defra: 

 
High: significant public health effects53. 
 
Medium: some public health effects. Defined here as the population ‘at risk’ exceeding 
one thousand individuals in the UK. 
 
Low: minor public health effects. Defined here as the population ‘at risk’ being in the 
range of 100 to <1000 individuals in the UK. 
 
Very Low: negligible public health effects. Defined here as fewer than 100 people being 
in the population ‘at risk’ in the UK. 

 
 
Wildlife risk impacts 
 
When the death of an animal occurs because of lead poisoning, it is evident that some degree of 
suffering occurs before death. Consequently, for wildlife, welfare effects may be expected to occur 
in the majority of individual animals affected by lead, and certainly in all of those that die. Welfare 
impacts depend on the dose, pathology such as is likely to cause pain and distress (suffering), in 
some cases severe and of long duration (days), sometimes leading directly or indirectly to death.  
 
The following scale was used: 

 
High: A major impact in the species or animal group described. Defined as population 
processes or welfare being affected in an estimated 5% or more of a defined population, 
species or animal group.  
 
Medium: A significant impact on the species or animal group described. Defined as 
population processes or welfare being affected in an estimated 0.5-<5% of a defined 
population, species or animal group. 
 
 
 

                                                
53

  PERA Subgroup members did not feel that it was for them to define numbers of affected individuals that 
would result in “some public health effect” or “a significant public health effect” and it is possible that the 
relevant authorities may wish to consider using different figures for children and adults. For example, an ‘at 
risk’ population of 2000 children or 5000 adults a year in the UK might be considered as “significant public 
health effects”. 
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Low: A minor impact on the species or animal group described. Defined as population 
processes or welfare being affected in an estimated <0.5% of a defined population, 
species or animal group (while acknowledging that <0.5% may still involve large 
numbers of individuals suffering serious effects in numerically large populations). 
 
Very Low: Negligible impact on the species or animal group described. We define this 
as population processes or welfare being affected in only a small number of individuals 
from a defined population, species or animal group. 
 
 

Risk ratings 
 
Risk ratings used in the Register of Risks and Mitigation are the classification given to a risk, being 
the product of likelihood and impact, as per the following standard matrix: 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 

Mitigation countermeasure efficacy scale 
 
Judging the likely efficacy (effectiveness, usefulness, worth or value) of a possible mitigation 
countermeasure involves two considerations: firstly concerning the risks a countermeasure 
addresses, and secondly the degree to which it may do so. 
 
The efficacy of a countermeasure can be high, partial, low or negligible according to the following 
scale: 
 

High: when the countermeasure is likely to remove or prevent the risk entirely or to a 
very considerable extent (dark green).  

 
Partial: when the countermeasure is likely to significantly help prevent or reduce the 
risk, perhaps in combination with other countermeasures (light green).  

 
Low: when the countermeasure is likely to provide some backing of benefit, perhaps 
supporting another countermeasure (amber).  

 
Very low or negligible: if the countermeasure can reasonably be expected to have 
negligible or no possible significant effect for the risk in question (red).  

  
This helps make it possible to judge whether a countermeasure affects a risk or range of risks on its 
own or in combination with other countermeasures (see Register of Risks and Mitigation).  
 
It also makes it possible to identify, at least in outline, the main cost areas arising if a 
countermeasure is to be acted upon and effectively implemented.  
 

L 
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k 
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d 
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It has been argued that the lack of any attempt at quantifying the effect of countermeasures is 
regrettable. For example, “High” might be defined as likely to reduce the risk to Low or reduce the 
Impact by at least (say) 50% of the level without action. Unfortunately, experience and information 
are not available to make such quantification meaningful. 
 
On the principle of dealing with priorities first, and with the foregoing in mind, the cross-risk 
reduction efficacy worksheet concentrates on the risks with high impact rating. It is possible that 
mitigating these risks will also mitigate lower impact rated risks. 
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Categorising and prioritising risks for management 
 

Human health 
 
The starting point for estimating the additional risks to human health from exposure to lead 
ammunition and pellet and bullet fragments was provided by the biennial EFSA Opinions published 
in 2010 and 2012.  
 
Seven other risk assessments have been taken into account:  
 

a. Lead residues from conventional bullets in venison – are they a human health hazard? - 
British Deer Society, UK (Green 2009). 
 

b. Risk to human health from exposure to lead from lead bullets and shot used to shoot wild 
game animals - FSA, UK (FSA 2012). 

 
c. The Italian Government’s Environment Institute’s report: Lead in Ammunition: problems and 

possible solutions (ISPRA 2012). 
 

d. Report of the Scientific Committee of the Spanish Agency for Food Safety and Nutrition 
(AESAN) in relation to the risk associated with the presence of lead in wild game meat in 
Spain (AESAN 2012). 

 
e. Risk assessment of lead exposure from cervid meat in Norwegian consumers and in hunting 

dogs - Opinion of the Panel on Contaminants of the Norwegian Scientific Committee for 
Food Safety (VKM 2013). 

 
f. Health risks with lead in game – risk assessment and risk management from the Swedish 

National Food Agency (SNF 2014). 
 

g. Risk analysis of game meat-borne hazards induced by hunting rifle bullets; intermediate 
report of German field studies (Gremse et al. 2014). Health assessment of the risks from 
lead, copper and zinc - The Federal Institute for Risk Assessment (BfR) Germany (March 
2014). For a wider assessment of copper in marine environments see Campbell et al. 
(2014). 

 
 

Neurodevelopmental impairment and children 
 
EFSA (2010) found that children are most vulnerable to health effects from general lead exposure. 
There is a potential risk that some children in the EU could incur a one-point reduction in IQ as a 
result of feasible current levels of exposure to dietary lead. This view was based on background 
exposures before taking account of additional exposure to lead from ammunition. 
 
The increased risk to children who consume game frequently was not evaluated separately by 
EFSA, but this additional exposure to dietary lead would obviously increase the risk.  
 
For toddlers (1.5-4.5 years old), the FSA (2012) estimate that consuming 60 g of pheasant per week 
could result in 5 times the background dietary lead exposure and Green & Pain (2012) estimated 
that weekly consumption of 100 g and 118 g of gamebird meat could result in approximately 7.4 and 
7.0 times the background dietary lead exposure in 2.5 year old and 6.9 year old children 
respectively. 
 
This report shows, on the basis of feasible levels of gamebird meat consumption in the UK, the 
potential for significant consequences for child health on a population basis in terms of 
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neurodevelopmental harm (associated at least with a 1 point IQ reduction, the EFSA BMR) arising 
from children who consume 0.4 to 0.7 (40-70 g total weight) gamebird meals per week. 54  
 
This report estimates that this risk could apply to approximately 10,000 young children from the 
community of live-quarry shooters. 55 
 
In addition, a large number of children from the general population are exposed to elevated 
exposure to lead from consuming game less frequently. This may apply to “tens of thousands to 
hundreds of thousands” of young children (see Appendix 8). 
 
On this basis the estimate of risk likelihood is to be graded “high” as the risk is very likely to occur 
this year and at frequent intervals in the foreseeable future (significantly greater than a 50:50 
chance). 
 
The impact is to be graded “medium” because there are “some public health effects”, arguably 
falling short of being popularly “significant” relative to other public health concerns, and certainly 
greater than being “minor” public health effects.  
 
There was a division of opinion among stakeholders on this judgment. The majority took the view 
that “medium” was justified, especially given the risks of neurodevelopmental harm to children, with 
more than 1,000 individuals in the “at risk” group are potentially negatively affected. One 
stakeholder representative maintained that the impact was low on the grounds that only some 
10,000 children within the community of live-quarry shooters were at potential risk of a low level of 
neurodevelopmental harm. On balance the “medium” estimate has been used.  
 
The risk rating before mitigation is therefore calculated as “high”. 
 
 

The developing foetus 
 
The unborn child is especially sensitive to the effects of lead. EFSA (2010) described the risks in 
utero and took the view that the foetus’s sensitivity was at least as great as that of a young child. 
EFSA concluded that there was potential for concern to pregnant women at then current levels of 
lead exposure and recommended protection of children and women of childbearing age against the 
potential risks of neurodevelopmental effects – and moreover that doing so would be protective for 
all other adverse effects in all populations. 
 
This concern is reflected in the Food Standard Agency’s advice that frequent consumers of lead-
shot game should eat less of it, and that this is especially important for vulnerable groups such as 
toddlers and children, pregnant women and women trying for a baby. 
 
The German Federal Risk Institute has taken a tougher line (see Appendix 12) and on the basis of 
its risk assessments for large game has recommended that women of childbearing age, pregnant 
women and children should all abstain completely from consumption of wild game meat shot with 
lead. 
 
The Spanish Agency for Food Safety and Nutrition (AESAN) has similarly recommended that 
children under 6 years of age, pregnant women and women planning on pregnancy should avoid 
eating the meat of game that has been shot with lead ammunition because the lead fragments 
cannot be removed from the meat completely safely. 
 

                                                
54

  “On a population basis” means that the effect manifests itself on a population as opposed to individual 
level. The effect shifts the distribution curve for a population characteristic e.g. intelligence, but may not be 
apparent in or to the individual. 

55
  It did not calculate the number of additional children that may be at a similar level of risk as frequent wild-

shot game consumers from the non-quarry shooting population at large. 
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The Swedish National Food Agency, likewise basing its advice on assessment of risks from cervid 
game, advises that pregnant women, women planning for a pregnancy (three months before 
pregnancy) and children under the age of seven should avoid consumption of cervid meat “coming 
from parts of the animal close to the wound channel such as minced meat and pot pieces”.  
 
Their advice has been recently extended on the basis of research to removal of the wound channel 
defined as any meat that is visibly affected by the bullet or bloodshot and an additional 10 cms of 
meat visibly unaffected by the bullet. This coincides quite closely with advice given to the British 
Deer Society in a report (Green 2009) that only meat from more than a 30 cms radius from the 
wound channel would be safe to eat.  
 
For gamebirds and small game killed with shot, research has shown that even after visual 
inspection and discard of shot-damaged game, lead levels in meat remain high. The Swedish 
advice is to remove and discard any meat that is visibly affected or bloodshot. It also points out that 
use of lead-free ammunition eliminates the problem of elevated lead levels.  
 
Lead exposure in the unborn child may come from historic lead stored in the mother’s tissues, 
bones in particular as long term deposition sites which are mobilised during pregnancy, as well as 
dietary lead at any point during this time.  
 
It is estimated that at least 380,000 women of childbearing age and at least 23,000 pregnant 
women, including those in the shooting community, may be exposed to additional lead from game 
consumption annually as the result of eating one or more game meat meal. However the proportion 
of these women who might consume enough gamebird meat to produce an effect on their unborn 
child of significance to society cannot be estimated (see Appendix 8). 
 
The question of risk of spontaneous abortion (early pregnancy miscarriage) resulting from elevated 
lead exposure is addressed later as a separate risk.  
 
This report concludes that the likelihood of elevated exposure and harm to the unborn child is 
therefore to be graded “high” as there is a high likelihood of occurrence in the current year and 
foreseeable future.  
 
The estimation of impact divides between acknowledged uncertainty for possible adverse effects on 
the unborn children of women who rarely or occasionally eat lead shot game, and the greater risks 
of harm among women who are high consumers of game. The number of women within the 
shooting community eating one game meal a week is estimated from Ellis (2014) to be some 13,500 
of which some 2.5% may be pregnant, suggesting that a commensurately higher risk for unborn 
children would apply in some hundreds of instances. On the basis that the sensitivity of the unborn 
is at least as great as children aged up to 8 years, the impact in this vulnerable group is estimated 
to be “medium”. 
 
The pre-mitigation risk rating is therefore calculated as “high”. 
 
 

Chronic kidney disease (CKD) 
 
The evidence in the Lead Ammunition Group’s human health risk assessment made it possible to 
estimate that consumption of 200 g of wild gamebird meat per week could increase the dietary 
exposure to lead of adults in the UK by approximately 7 to 8 times over exposure from all other 
dietary components combined i.e. ‘background exposure’. 
 
This report extends that conclusion on the basis of feasible levels of gamebird meat consumption in 
UK confirming the potential for significant consequences for adult health in terms of potential risk of 
a 10% increased prevalence of chronic kidney disease (the EFSA BMR) in adults who consume 1.2 
to 1.9 (240-380 g total weight) or 4.0 to 6.5 (800-1300 g total weight) gamebird meals per week. 
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This report concludes from the human health risk assessment, confirmed by a more recent 
BASC/CA web survey, the FSA consumption study in Scotland and the National Diet and Nutrition 
Survey (Taylor et al. 2013), that within the shooting community there are “hundreds to tens of 
thousands” of adult game consumers are potentially at risk from effects at this BMR level.  
 
In the general population “thousands to hundreds of thousands” of people may be at risk to lesser 
degree. It has to be stressed that these ranges, especially for the general population, are extremely 
broad due to uncertainties in the data, however the conclusion to be drawn is that the risks involve 
non-trivial numbers of people. 
 
Susceptibility to CKD is however strongly age-related and likely to be linked with other health 
conditions such as hypertension. 
 
These numbers for people potentially at risk may be surprising but they do not conflict with 
conclusions drawn in Norway, Sweden and Germany where consumption of venison more 
frequently than monthly is associated with elevated blood lead levels. In the UK gamebird meat has 
greater prominence in the national diet and this is generally expected to cause higher and less 
avoidable risks than venison (cervid meats) depending on the cut. It is not unreasonable to 
envisage that “tens of thousands” of gamebird consumers are eating game more frequently than 
monthly. 
 
The likelihood of this risk is therefore to be graded as “high”. 
 
Impact has also to take account of the possibility of impacts outside the UK, especially in countries 
such as Germany, which imports a substantial amount of British game. Significant numbers of game 
and deer (venison) shot with lead ammunition are exported to other EU countries. Significant 
imports to UK are received from third countries such as New Zealand, where standards for meat 
being placed on the market are not immediately apparent. 
 
The impact is more than “minor and credible with risks being present but unlikely”.  
 
The current impact for CKD is to be judged “medium” and the risk rating is to be calculated as 
“high”.  
 
 

Hypertension and heart disease       
 
EFSA 2010 anticipated that some frequent consumers of game (i.e. one 200 g meal per week) 
might potentially be at risk from negative effects on the cardio vascular system as a result of 
exposure to dietary lead. 
 
This report extends that estimation. On the basis of feasible levels of gamebird meat consumption in 
UK, it is estimated that there is potential risk of a 1% increase in systolic blood pressure (the EFSA 
BMR) in adults who consume 3.2 to 5.2 (640-1040 g total weight) gamebird meals per week. 
 
This report has estimated (see Appendix 8) that within the shooting community some hundreds to 
low thousands of high-level consumers may eat sufficient game to risk of the 1% increase in their 
systolic blood pressure; and hence the impact is graded “low”. In the general population “thousands 
to tens of thousands” of adults may be exposed to elevated lead to a lesser degree in proportion to 
their consumption. However, there are difficulties extrapolating consumption rates to the general 
population who occasionally eat game and the impact is graded “very low to low”. 
The likelihood of this risk is to be gauged as “high”.  
 
The impact overall is gauged “low”.  
 
The risk rating is therefore “medium”.  
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Spontaneous abortion 
 
The consumption of 2.8 to 4.6 (560-920 g total weight) gamebird meals per week, resulting in early 
pregnancy elevated blood lead, may be associated with a 1% increase in the prevalence of 
spontaneous abortion in pregnant women. 
 
It is estimated that 745 to 1700 pregnant women per year are potentially at increased risk as the 
result of consuming this amount of gamebird meat. 
 
It is highly likely that such levels of increased exposure to elevated lead will occur in some shooting 
households.  
 
The likelihood that such exposure occurs is “high”. The impact is estimated as “very low” on the 
basis that the population at risk is the unborn children (not the exposed mothers to be) and 
estimated number of additional cases is fewer than 100.  The current impact rating is therefore 
calculated as “medium”.    
 
 

Conclusions for effects in shooting ranges 
 
The evidence indicates a risk to people who use (primarily indoor) firing ranges from the inhalation 
of lead fume, aerosol and dust and ingestion of lead dust, especially to occupational workers, 
people that use firing ranges frequently, such as the military and the police, and hobby shooters.  
 
The level of risk is related to the frequency of use and the adequacy of control measures.  In the 
absence of readily available monitoring data for the UK the human health risk assessment was not 
able to evaluate this risk. 
 
The risk is however included in the Risk Register but noting the significant mitigating counter 
measures in place.  
 
 

Human exposure to dietary lead from livestock in the general agricultural pastoral 
environment 
 
The Lead Ammunition Group risk assessment on risks to human health via livestock exposure to 
ammunition-lead assessed two extremes: the pastoral environment where shooting takes place only 
occasionally and, at the other extreme, where livestock is found or is fed on forage from intensively-
shot localities such as clay shooting grounds and game shooting estates. 
 
In the general agricultural pastoral environment of the UK where little or infrequent shooting occurs, 
the risk to human health from ammunition-derived lead in meat, eggs or dairy products is 
considered to be negligible. Current surveillance means no additional action is required so long as 
current measures are maintained, and this risk is not considered further in this report.  
 
 

Human exposure to dietary lead from livestock in heavily shot areas 
 
For areas frequently shot over, when poultry, including chickens, pheasants and ducks forage 
repeatedly or continuously, there is primary evidence of transmission from source to the end stages 
of one of the potential pathways (eggs) and strong circumstantial evidence for a secondary pathway 
(poultry meat). The risk to human health from poultry ranging over these areas must therefore be 
considered to be “present but low”. 
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Risks are “low” because current mitigation measures exist (testing of lead in domestic stock). 
Current surveillance means no additional action is required so long as current measures are 
maintained, and this risk is not considered further in this report.56 
 
 

Uncertainties for human health risks 
 
The conclusions above depend on generalised assumptions about diet and lead levels in game 
meat products of different kinds. Lead levels in meat and frequency of consuming game are crucial 
to estimation of risks and the numbers of people affected. The calculations in this report have 
tended to be conservative and the actual risks could therefore be greater.  
 
The conclusions depend on calculations based on empirical evidence on lead levels in game meat 
in the UK, survey results from the shooting community about levels of game consumption, and 
extrapolations of numbers of people potentially at risk from the broader public based on 
assumptions from the NDNS. However, the NDNS is not designed to measure frequency of 
consumption of foodstuffs that are infrequently eaten by the population at large. Frequency of 
consumption of game is crucial to estimation of risks and the numbers of people affected and while 
we are relatively confident in our estimates of numbers of people potentially at risk from the 
shooting community, estimates for the population at large are necessarily far less precise.  
 
The calculations made in this report used BMDs and not the more health protective BMDLs normally 
used by public authorities to ensure public health, and it should be noted that the actual risks could 
be greater than estimated. 
 
There is uncertainty about the meat preparation standards applied to venison going into the market, 
whether by the game meat routes or as red meat. There is little or no training, and no set standards 
for carcass preparation or guidelines for discard of damaged meat and offal along the wound track. 
Addressing the question of standards could reduce risks from lead-ammunition wild-shot venison 
consumption. 
 
There are uncertainties about the quality and discard rates for gamebirds whether distributed to 
end-users locally in small numbers, or entering the market through Approved Game Handling 
Establishments (AGHEs). Research shows however, that gamebirds bought by the public from high 
street retailers and other outlets on average exhibit elevated lead levels, even after discard during 
processing before gamebirds are considered fit for sale by high street retailers.   
 
There is uncertainty about the proportions of venison taken from the wild, farmed and imported from 
EU and third countries, and the standards applied to each category at source. In the case of farmed 
game, little is known about the proportions killed by head and thorax shots. Farmed venison is likely 
to have lower lead levels and reduce risks, but data are not available. Some information about the 
provenance of consumed game is provided in Ellis (2014). The inclusion of farmed venison in game 
consumption estimates would cause some estimates of risk to be overstated. 
 
There is uncertainty about the fate of discarded and offcut venison or discarded gamebirds; whether 
they are used for minced food products, sausages, burgers, pates, soups and pies etc. It is 
suspected that discarded and offcut meat could find its way into products which are popular with 
children and as convenience food. Discarded offcuts and game are likely to have relatively high lead 
levels, and if this were so, the risks would be increased.   
 
There is always uncertainty about biases in consumption surveys that rely on recollection. No 
information is available to indicate whether people think they eat game more or less frequently than 
in fact they do. It is suspected that bias will depend on the context in which the question is put. If a 

                                                
56

  We have no idea how much testing there is of lead in domestic stock and whether this is adequate – also 
whether proximity to shooting areas is considered. FSA testing is random and limited, and as the vast 
majority of animal-derived products do not originate from intensively shot-over ground, any high lead 
products from such areas will almost certainly be missed.  
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person believes the questionnaire serves to show how popular game meat is, the likelihood is that 
answers will exaggerate reality. If the person believes the questionnaire is assessing health risk 
from lead, they may under-report their consumption. There is no knowing whether such biases will 
increase or decrease the estimated risks. However, data from the NDNS for the general population, 
which is not subject to such biases (although is not designed for infrequently consumed foodstuffs) 
is broadly in agreement with the types of numbers of frequent game consumers. 
 
There is uncertainty about portion sizes for both adults and children. There is no knowing whether 
estimates err in either direction, but it is not material since gross weights of game required to be 
consumed to produce a given clinical effect are provided. 
 
Uncertainties and knowledge gaps arising from the risk assessment for human health via livestock 
have been addressed earlier. The main uncertainty is the lack of data on deposited shot densities 
on intensively shot game shooting estates.  
 
More generally, Dr Harradine in his capacity of Chief Scientific Adviser to BASC, commissioned a 
critical appraisal, from the Support Unit for Research Evidence at Cardiff University (SURE), of the 
PERA Subgroup’s human health risk assessment (Weightman 2014)57.  
 
Weightman’s appraisal58 concluded with a warning that based on the methodological detail provided 
within the publication59, the review would not meet any of the criteria for a systematic review other 
than the provision of a clearly focused and answerable overall question, and sub-questions. 
Whilst she stressed that her evaluation did not provide any evidence that the findings of the (Lead 
Ammunition Group) review are biased or inaccurate, it meant that a reader might have less 
confidence in the risk assessment since no evidence is provided that: 
 

1. All relevant research studies were identified and included. 
 

2. The included studies were appraised to identify any flaws in how the data were obtained.  
 

3. Reliable data from the included studies were appropriately summarised to provide an 
accurate answer to the question(s).  

 

4. Any potential conflicts of interest relating to the authors of the review and its component  
studies were identified. 

 

Weightman’s appraisal qualified these conclusions pointing out that her assessment of the review 
methodology was only by a single person and does not include any comment on the scientific merit 
of the evidence included, nor on the subject matter under consideration or the report’s findings; this 
being outside her expertise as an assessor as a review methodologist and not a topic expert.  
 
In that light, the health risk assessment’s other authors and the Chairman of the PERA Subgroup, 
Professor Levy60, have nonetheless carefully assessed the conclusions in turn, and have not 
concluded that the risk assessment requires revision for the following reasons (Levy 2015):  

                                                
57

  Dr Harradine undertook this commission on his own initiative without reference to his Subgroup 
colleagues. No information has been provided as to the criteria for selection of SURE as an independent 
assessor.   

58
  Dr Weightman used two checklists (the Critical Appraisal Skills Programme (CASP) form: 10 questions to 

help you make sense of a review, and AMSTAR: A measurement tool to assess the methodological quality 
of systematic reviews). 

59
  The human health risk assessment had not been published, and strictly speaking was not intended as a 

complete review of all the relevant literature.  
60

  Professor Levy is a recognised scientific expert in risk assessment, and in particular human health risk 
assessments; and as such was requested to chair the PERA Subgroup. Professor Levy does not belong to 
any stakeholder group or Government/Agency, and was considered independent with no conflicts of 
interest. His brief was to ensure that where consensus could not be reached, this would be made clear in 
the risk assessments.  
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1. The Group’s risk assessments for human health were never intended to be systematic 
reviews.  
 

2. Reference to the Group’s website provides all information on the agreed methodology of 
their production, as well as the full affiliations, including conflicts of interest, and background 
expertise on the scientific members on the PERA Subgroup. This published information 
provides details of the transparent methodology by which the consensus expert risk 
assessments for human health were produced. Thus, it may be considered inappropriate to 
evaluate the risk assessment methodology of the first human health risk assessment as a 
systematic review using the two checklists alone. It should be noted that the first risk 
assessment on human health relied heavily on the findings and information provided in the 
EFSA Scientific Opinion on Lead in Food (EFSA 2010) as this was considered to be a recent 
authoritative review produced by some 40 EU scientific experts. 
 

3. Interestingly, although the EFSA Opinion is considered within the EU and worldwide to be an 
authoritative expert report, and is widely used to inform policy decisions, it may not fill all the 
criteria as set out in the two check lists for systematic reviews used by Dr Weightman. 
 

4. For transparency, an initial literature resource list was published on the Group’s website 
which, as agreed, could be added to by any member of the PERA Subgroup, or other 
contributor, as the work progressed. Literature sources were assessed for both relevance 
(see the Subgroup’s Terms of Reference) and reliability and the ensuing risk assessments 
were a mixture of a narrative, qualitative and semi-quantitative nature depending on the 
availability and type of information and data in the literature sources.  

 
5. In the case of the methodology used by the PERA Subgroup for the production of the first 

human health risk assessment, although not conforming to perhaps the exact details of a 
contemporary systematic review (such as those used in the evaluation of a series of clinical 
trials), Professor Levy has given his opinion that “it adhered to the Terms of Reference set 
out and agreed by the Group’s stakeholders (see the Group’s website) and that it i.e. the first 
risk assessment for human health was a transparent, comprehensive, critical and an even-
handed weight of evidence consensus report, agreed by all members of the Subgroup and 
accepted by the full Group membership”.  

 
6. Hence, as set out earlier in this report in the sections on methodology, the reader will have 

seen that the Lead Ammunition Group consciously did not seek to repeat the processes of 
evidence evaluation undertaken by the EFSA Panel on Contaminants in the Food Chain 
(CONTAM); and listing all potentially relevant research studies, for example in the fields of 
potentially relevant medical and toxicological research and epidemiology, was not required 
or to be attempted.  
 

7. The Subgroup also considered and discussed the use of a number of possible evidence 
evaluation methodologies, not least that provided by Klimisch (Klimisch et al. 1997) and 
related OECD and EU guidelines.  
 

8. The summarisation of the included studies, as contained in the drafted human health risk 
assessment, was subjected to critical internal review and adopted by all the Subgroup’s 
members, including Dr Harradine. 
 

9. The possibility of conflicts of interest were acknowledged from the outset and discussed on 
many occasions within the Main Committee; it being agreed and accepted that those 
involved in the PERA Subgroup would carry out their work collegiately as professional 
scientists, and their different backgrounds would provide its own checks and balances.  

 
As Professor Levy made clear to the Main Committee at the outset of this enterprise, “In an ideal 
world, if the funding were available totally independent assessors would be appointed; but such 
external contractors probably wouldn’t have the same high level of knowledge and expertise in the 
subject matter”.   
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The critical question arising from Weightman’s appraisal, is whether externally contracted assessors 
(at considerable expense to the taxpayer) would have come to different conclusions? The answer, 
given the range of food and human health risk assessments conducted not only by the EFSA 
CONTAM Panel, which might itself perhaps have failed to satisfy Dr Weightman’s checklists, but 
also by FSA in Scotland as well as government bodies in Germany, Sweden, Norway, Spain and 
Italy, all of which have come to broadly similar conclusions, is “unlikely”.  
 
The reader is, therefore, cautioned in the interest of balance to bear in mind the pragmatic way that 
the Lead Ammunition Group was established, and has provided for rigour in its work; and to reflect 
whether a more mechanistic approach was either feasible, value for money, or would be likely to 
produce different results. 
 
 

Conclusions for wildlife 
 

General wildlife exposure 
 
Several thousand tonnes (>5,000) of metallic lead are deposited annually in pellet form and as small 
fragments.  It is known that some of this (as discussed above) is ingested directly or indirectly by 
wild animals and likely that the effects occur more widely than has yet been shown. 
 
To date, such effects are recorded in the UK for wildfowl and some other waterbirds, some 
terrestrial gamebirds, red kite and possibly other raptors (Buzzard/Peregrine Falcon). There has 
been no targeted effort to research systematically the extent of lead ammunition exposure for other 
wildlife in England; and noting that lead pellets have been recorded worldwide in at least 60 bird 
species apart from waterfowl. A limited number of studies at clay target shooting grounds, and in 
other areas where lead deposition is high, have shown elevated lead uptake in small mammals, 
reptiles, amphibians, earthworms and other soil fauna. 
 
This report has estimated the possible numbers of terrestrial gamebirds, wildfowl and predatory and 
scavenging birds affected by and dying from such exposure. The estimates indicate that non-trivial 
numbers of these birds die annually, and others suffer non-lethal and hence welfare effects (see 
Appendix 7). 
 
Documented evidence is provided in the risk assessments for the occurrence of lead ammunition 
residues in the above range of avian and in other animal taxa from around the world. Such overseas 
evidence indicates the likelihood that lead’s effects extend more widely than shown by studies so far 
conducted in England. It must influence current and future judgments of future risks to UK wildlife. 
 
The Defra principles of environmental and biodiversity impact assessment (see Appendix 9 for a 
summary) provide a helpful series of additional tests. The conclusions drawn relevant to those tests 
are: 
 

a. Exposure, other than possibly for a limited number of species, is not key to wildlife survival 
generally (i.e. lead exposure from ammunition is not likely to result in species extinction in 
the UK although it could be affecting population size in some species). 
 

b. It is not possible to know, with any certainty, what impact exposure to lead from ammunition 
may be having, or may have, on population sizes of the affected species because of the 
historical exposures resulting from deposited lead ammunition.  
 

c. And it is not possible to claim that exposure to lead from ammunition impacts a majority of all 
wildlife populations when considering the diversity of wildlife as a whole.  

 
Since the Group’s wildlife risk assessments were written, it is relevant that Defra has published the 
UK Article 12 Report in accordance with the requirements of the Directive 2009/147/EC on the 
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Conservation of Wild Birds. This report provides an assessment of the pressures and threats for the 
bird species for which UK has declared Special Protection Areas (SPAs) (Defra 2014). 
 
Pressures are defined as impacts that are currently influencing populations (either now or in the 
reporting period 2008-2013), and Trends as those that have the potential to do so (for up to 12 
years hence). They are “ the principal factors responsible for causing individual species to decline, 
suppressing their numbers or restricting their ranges”(European Commission 2011).61  
 
 
The UK Government submitted formally in 2014, following public consultation in 2013, “On the basis 
of available evidence (which we know to be deficient) we conservatively assessed lead shot as a 
Pressure and a Threat for Bewick’s Swan62, Pintail63 and Pochard64, and as a Threat only for 
Iceland Greylag Goose65 and Whooper Swan66” (Joint Nature Conservation Committee 2013). 
 
The impacts are therefore noteworthy and important (significant) for the classes of wildlife exposed 
because of:  
 

a. The known potential for losses in biodiversity for some species at a population level. 
 

b. Exposure causing suffering and death in significant numbers of individuals where the 
pathways exist. 
 

c. There being significant qualitative, if unquantifiable, impacts on wildlife, e.g. for welfare. 
 
It would therefore be wrong to estimate the impact as minor and low in rank or severity, especially 
when viewed in the longer term. Evidence for general adverse effects is stronger than “credible”. 
The qualitative, non-quantifiable impacts on breeding and other lifecycle functions are “probable”. 
The following considerations raise the significance of impacts for the totality of wildlife in England 
(UK): 
 

a. The accumulating nature of the risks in the longer term. 
 

b. The ecosystem value of the exposed taxa. 
 

c. The likelihood of international impacts for migratory bird species outside UK67. 
 

Hence the overall risk impact for the general exposure of wildlife (i.e. all wildlife species in all 
places) to lead from ammunition falls between “low” and “medium” and the risk rating is therefore to 
be graded “medium” to “high”.  
 
 
Exposure of wildfowl and waterbirds 
 
While assessment of the general exposure of all wildlife is debatable there is considerably more 
compelling evidence relating to wildfowl and waterbirds.  
 

                                                
61

  https://circabc.europa.eu/sd/a/752d0543-b8f3-4097-b0b1f1412c41542c/Art.12%20guidelines%20 
final%20Dec%2011.doc, page 26 

62
  Cygnus columbianus 

63
  Anas acuta 

64
  Aythya ferina 

65
  Anser anser 

66
  Cygnus cygnus 

67
  Exposure on the wintering grounds has the potential to have effects in breeding areas.  
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The exposure of wildfowl and waterbirds in England (UK) to lead shot is addressed in detail in the 
numerous publications evidenced in the risk assessments and the risk assessments provide a 
summary of the effects.  
 
Many waterfowl are migratory and therefore may also be exposed to lead shot in other countries on 
their flyways. Their exposure in England (UK) on their wintering grounds has implications outside 
England (UK). Lifetime exposure is only reduced to a minor extent by the mitigation measures 
already in place through regulations in UK. 
 
The habitats used by wildfowl are generally recognised by a variety of legal conservation 
designations. The international dimension and biodiversity richness of wetland habitats are material 
considerations for environmental impact assessment. 
 
The high conservation importance of wildfowl, waterbirds and wetland species at national and 
international level, represented by UK’s support for and obligations under the Ramsar Convention 
on Migratory Species and AEWA treaties, is also a material consideration.  
 
Wildfowl populations are part of the UK’s natural capital and have high ecosystem and cultural 
values, illustrated by public enjoyment and recreation including birdwatching and wildfowling. Such 
profound relationship between the public and wildlife, especially wildfowl, is not to be 
underestimated or undervalued; any more than the wildfowler and conservationists’ love of being 
out on the wild marsh at dawn and dusk; or, for that matter, a mother and child feeding the ducks 
and swans in the town park. 
 
It is clear that many species of wildfowl and some other species of waterbirds are affected through 
ingesting lead shot, and this causes mortality and debilitation. The level of the exposure is high. 
Many studies in UK and overseas have shown the percentages of individuals that carry lead shot in 
their gizzards; such shot being either voided or ground down and absorbed into the body within two 
or three weeks at most. This level of exposure means that during the course of a year, many 
wildfowl are regularly exposed to repeat exposure with sub-lethal effects or death. This is confirmed 
through post-mortem examination of wildfowl that have been found dead. 1 in 10 of all autopsied 
individuals were diagnosed as dying of lead poisoning, which includes 1 in 4 migratory swans.  No 
other cause of probable death, apart from trauma, was recorded with such frequency (Newth et al. 
2012). 
 
Broader biodiversity impact is more difficult to gauge: 
 

a. There is no evidence at local or national scales to suggest that waterfowl species’ diversity 
has been reduced, or that lead poisoning has caused the extinction of any species in the UK. 
 

b. There is the potential for effects on population size in some species of wildfowl in the UK; 
notably the population of Mute Swans increased substantially following a ban on the use of 
lead angler’s weights. Research to establish impacts on population size in the UK would be 
difficult and costly to design and implement since the risk has existed, albeit increasing over 
time, for centuries. 
 

c. There is high likelihood of effects on individual birds affecting the ecological resilience of 
their populations; and this is also linked to immune capability, and susceptibility to predation 
and accidents through behavioural effects.  
 

d. Lead shot exposure does not affect the amount of space for wetland ecosystems and 
wildfowl habitats or, to any significant degree, their connectedness.  
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e. The deposition of lead shot in wetland soils risks environmental changes in ecosystems and 
habitats, although testing for effects is compromised by historical exposures (Brown et al. 
201468). 

 
It is broadly estimated that 30,000-60,000 wildfowl, which is a few percent of the wintering 
population, may die each winter as a direct result of lead poisoning in Britain. There may be further 
mortality outside the winter. Other water birds may also be affected. Welfare impacts will affect all of 
these birds before they die and additional unknown numbers of birds that survive. 
 
The impacts of lead shot exposure for wildfowl and water birds are to be regarded as high in rank or 
severity given the frequency with which lead is identified as a cause of death. The evidence of 
biodiversity changes is stronger than being a “credible possibility”. The number of individuals 
affected is larger than “some individuals in some populations”. And qualitative, non-quantifiable 
impacts are likely as opposed to being a possibility. 
 
This report also takes account of the accumulating character of the risks for the medium and longer 
terms, the international dimension, and the association of wildfowl with areas of biodiversity 
richness; hence impact is to be graded as “medium”. 
 
The current risk rating is therefore calculated as ‘high”. 
 
 
Exposure of wildlife populations: gamebirds, raptors and scavengers, passerines, mammals, 
amphibians and soil arthropods   
 
The other wildlife taxa covered by the risk assessments address risks to gamebirds, raptors and 
scavengers, passerine birds, mammals, amphibians and soil arthropods and microfauna. 
 
This report takes account of the expert evidence (Appendix 7) on the numbers of gamebirds, raptors 
and scavengers possibly dying and suffering non-lethal health effects. 
 
 
Terrestrial gamebirds 
 
The proportions of pheasants and partridges with pellets in their viscera at any time have been 
found to be 1.4% and 3% in shot Red-legged Partridges Alectoris rufa and pheasants respectively 
and 4.5% in found dead Grey Partridges Perdix perdix (Butler 2005, Butler et al. 2005, Potts 2005). 
If the length of time pellets remain in the birds’ alimentary canal is as long as 30 days (although it 
could be much shorter) much larger percentages of pheasants and partridges must ingest pellets 
and be exposed to lead shot annually. Whatever the precision of the estimates, some considerable 
numbers of terrestrial gamebirds die annually from ingesting lead; in the order of hundreds of 
thousands. The numbers suffering sub-lethal effects are to be added to them.69  
 
While less information is available for shot ingestion levels in terrestrial gamebirds in the UK than for 
wildfowl, a study of Grey Partridges Perdix perdix found dead by gamekeepers and subject to post-
mortem examination to ascertain cause of death was conducted on carcasses collected between 
1947 and 1992. Partridges, known to have been reared in captivity for subsequent release, were 

                                                
68

  The EMBER project studied the effects of moorland burning for grouse shooting on geophysical features, 
soil acidification and increased heavy metals in rivers and streams. Lead was not measured because the 
analysis used was insufficiently sensitive. (Pers. Comm. Professor Joseph Holden October 2014).  

69
  These numbers are based upon ingestion levels from the small number of studies available. They are so 

high simply because tens of millions of pheasants are released annually and extrapolated from the 3% of 
shot pheasants with ingested gizzard shot (which was from a shooting estate so is likely to be 
representative). The reason for giving such broad ranges, i.e. ‘hundreds of thousands’ is because of the 
difficulty of being precise when we lack more detailed data. Data do exist on grey partridges and is detailed 
in the text (Potts 2005). Potts also considered these proportions to be underestimates for a variety of 
reasons detailed in his paper. 
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excluded from the study. This study reported an increase in the incidence of diagnosed cases of 
poisoning by lead shot among Grey Partridges found dead over a period of 45 years, rising from 
0.3±0.2% of deaths to 3.4±0.9% (Potts 2005). There is consequently high probability that terrestrial 
gamebirds in the UK will be affected by ingested shot in much the same way as terrestrial 
gamebirds on other continents and as wildfowl. 
 
There is no evidence of lead ammunition affecting population levels of terrestrial gamebirds. Indeed 
were lead shot likely to have a population level effect on many species of terrestrial gamebird it is 
unlikely that this could be detected. Active management of a number of susceptible terrestrial 
gamebird species is likely to overshadow losses from lead poisoning. Tens of millions of pheasants 
are released annually for shooting. Hence the likelihood of exposure is to be graded “high” but the 
way in which terrestrial gamebird populations are currently managed makes it difficult to assess an 
impact grade. The likelihood of exposure is “high” but the evidence of impact for such populations, 
excluding consideration of welfare impacts, cannot be graded meaningfully.  
 
However, for some species, such as the Grey Partridge, sufficient information is available to 
suggest that impact would be “medium” (an estimated 0.5-<5% of a defined population, species or 
animal group) and the impact should be graded, bearing in mind longer-term implications and 
conservation status, as “high”. 
 
Hence the number of gamebirds poisoned or killed by ingestion of lead shot has not been measured 
but it seems likely that some (a small percentage which represents a large number of individuals) 
are; in view of the proportions of pheasants and grey partridge that have been found to have shot in 
their gizzards. 
 

Raptors and scavenging species 
 
Limited studies of raptor and scavenging species in UK suggest that some 2-9% of those that have 
died may have died from exposure to lead ammunition. 
 
The likelihood of poisoning is “high” but insufficient studies have been conducted in the UK to 
evaluate the level of poisoning and potential impacts on population levels. Some of the potentially 
most vulnerable raptor populations to lead poisoning (e.g. White-tailed Eagle Haliaeetus albicilla) 
are increasing as a result of costly reintroduction projects and the extent to which these rates of 
increases may have been slowed by lead poisoning is unknown. Others (e.g. the Golden Eagle 
Aquila chrysaetos) have populations that are persisting at levels considered to be below 
environmental carrying capacity and the extent to which lead poisoning may be contributing to this 
is unknown. However, evidence of effects on these species from elsewhere suggests impacts from 
lead poisoning on population processes.  
 
It cannot be argued that lead poisoning is a chief or key impact factor likely to result in the extinction 
of any raptor species in the UK, even if population trends are affected. There is also an absence of 
evidence to suggest that population processes or welfare are being affected in an estimated 5% or 
more of any raptor population. Hence, at this stage, impact could not reasonably be considered to 
be “high”.  
 
While few UK studies have been conducted, the known levels of exposure admit the potential for 
losses or changes; that is population levels or rates of population change may be different without 
lead poisoning effects. There is also concern about qualitative non-quantifiable impacts.  
 
The limited studies that have been conducted in the UK show results consistent with those from 
elsewhere in terms of risk, pathway and effects: namely that there is credible possibility of changes 
in populations, with impacts on some individuals in some populations, and the possibility of some 
qualitative, non-quantifiable impacts. Consequently, it is tenable and realistic that at least in some 
species of raptor population processes could be affected in an estimated 0.5-<5% of birds. The 
impact is therefore to be graded as “medium”. 
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Exposure of ground foraging passerines and other animals 
 
Exposure of ground foraging passerines, and ground dwelling animals such as amphibians, soil 
arthropods and microfauna to the potential impacts of lead ammunition has not been widely studied 
in the UK although the few UK studies available show the potential for increased exposure and 
uptake by ground dwelling animals (e.g. Meller & McCartney 1994, Sneddon et al. 2009)70. This 
does not mean that the risk does not exist or should be ignored; there is no reason to suppose that 
the physical and chemical factors influencing the movement of ammunition derived lead into soil, 
water and ground dwelling animals is any different in the UK to elsewhere.  
 
Studies from the UK and elsewhere provide evidence of elevated soil lead concentrations where 
shooting occurs regularly and at high intensity, and that some of the lead from deposited 
ammunition is available for plant uptake. Where levels of soil, water and/or biota are elevated as a 
result of the degradation of lead from ammunition, there is likely to be uptake of lead by certain 
animals. 
 
The risk likelihood is therefore to be graded “high” as it will occur continuously in areas of lead shot 
deposition. The impact is likely to be “low” overall but higher than negligible i.e. with evidence, 
mostly from outside England (UK) suggesting that local changes in biodiversity are credible; with 
there being impacts on some individuals in some wildlife populations, and with the possibility of 
some qualitative, non-quantifiable impacts. Impacts are also likely to increase over time as lead 
continues to be deposited. 
 
The conclusion reflects the distinction between potentially high local impacts in areas of high 
deposition and the possibility of effects more widely where shooting takes place. There will be a 
spectrum of impacts between the extremes on areas where intensive shooting takes place on the 
one hand, and where little or no shooting takes place on the other. But the gradient of impacts 
cannot be further characterised or quantified on the basis of current research. 
 
 

Conclusions for animal welfare 
 
Effects on the welfare of the animals exposed to lead from ammunition are supported by veterinary 
evidence on pathology and effects on bodily functions, from laboratory experiments and observed 
behavioural changes in affected animals. Ingestion of lead ammunition or lead fragments from 
ammunition, by whatever pathway, can be expected to affect welfare broadly in proportion to dose; 
and whether affected animals recover or die. The possible routes of exposure are direct ingestion of 
shot in mistake for food particles or grit, ingestion of lead pellet and pellet fragments and bullet 
fragments from prey, and the intake of lead in the soil constituent of the diet of ruminants or other 
ground feeding/dwelling organisms. 
 
This report estimates the numbers of animals of certain kinds that may be exposed to welfare 
effects. Whatever weight is placed on the exact numbers, it is clear that non-trivial numbers are 
involved: in the order of millions of animals.  
 
The nature of the welfare impacts is a matter for popular, scientific and scholarly debate among 
animal welfare specialists and the general public, but for the purposes of this report impacts can 
additionally be gauged relative to the principles advocated by the Farm Animal Welfare Council 
(FAWC) advising Defra and the devolved administrations in UK (FAWC 2009).  
 

                                                
70

  Sneddon (2009) found significantly increased lead levels (about 20x higher) in earthworms from a shot 
over than a control woodland in Cheshire suggesting both exposure and uptake (as worms had empty guts 
so the lead was not in gut soil). Mellor & McCartney (1994) showed uptake of lead into plants suggesting 
an additional route of exposure to small animals that consume vegetation. Many studies have been 
conducted elsewhere that are also of relevance to the UK and confirm these phenomena. 
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FAWC policy is set within the wider concept of the Banner Committee’s ethical principles namely 
that:  
 

a. Harms of a certain degree and kind ought under no circumstances to be inflicted on an 
animal; 
 

b. Any harm to an animal, even if not absolutely impermissible, nonetheless requires 
justification and must be outweighed by the good which is realistically sought in so treating it; 
and  
 

c. Any harm, which is justified by the second principle, ought however, to be minimised as far 
as is reasonably possible. 
 

This report makes its judgments in these lights and therefore against standards applicable within 
Defra. It is against the Banner Principles that other animal welfare codes and legislation have been 
developed.  
 
In the UK, the EU and many other countries, the welfare of animals, both kept and wild, is 
recognised as an important concern for a variety of ethical, economic and societal reasons.  Many 
codes and regulations relate to the protection of animal welfare in the UK. 
 
This report founds itself on the basis that responsibility towards living wildlife, especially as game 
quarry, is a part and parcel of what is called “the sporting ethic”. The shooter does not set out to be 
cruel and seeks to avoid cruelty if possible. Just as the farmer is a stock husbandman, so a game 
manager is a game husbandman. Hence the Farm Animal Welfare Council’s standards provide a 
directly transferable reference point, and require that every possible effort be made by shooting 
governing bodies and participants to respect Banner’s Principles.  
 
Hence allowing the irretrievable large-scale dispersal of lead shot into the environment, and bullet 
fragments in un-retrieved animal carcasses and gralloch, conflicts with the principles of avoiding 
unnecessary harm and of taking measures to minimise the risks of causing unnecessary suffering. 
 
For the purposes of the Risk Register the likelihood is therefore to be graded “high”. The impacts 
are also to be graded “high”. The current risk impact rating is calculated as “high”. 
 
 

Conclusions for effects on population processes 
 
Effects on population processes, and thus potentially population numbers and conservation status, 
are inseparably linked as part and parcel of gauging the impacts on wildlife generally. They are 
estimated separately in the Register of Risks and Mitigation because population numbers are key to 
population status, which in turn drives conservation decision-making processes in Government as 
well as at the international treaty level. Effects on population processes of species in the UK may 
furthermore fall short of being scientifically proved to be determinants of numbers, and have not 
been suggested to determine population status, not least because of the difficulties of conducting 
the research to determine this, particularly when the risk has long been present. However, effects 
on population processes cannot be ignored as carrying risks, either existentially for the animals 
concerned, or of enhancing risks from other causes especially in the medium and long terms. 
 
The biological and ecological consequences of effects on population processes are not whether 
they reduce a population’s counted numbers and hence conservation status, but whether exposure 
is likely to affect the longer-term resilience of populations to external threats, and their ability to 
maintain themselves in the longer-term.  
 
The evidence shows that adverse effects from lead are likely to occur in birds (and some other 
animals) where they are exposed. To date this has been reported to occur in the UK in wildfowl and 
some other waterbirds, some gamebirds, and those raptors that are susceptible to exposure and 
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have so far been studied (Red Kite, Buzzard and Peregrine Falcon). Results from elsewhere in the 
world suggest the potential for other species also to be affected. 
 
The likelihood is that the risk is greater than a 50:50 chance and very likely to occur in the current 
year. 
 
Estimating likelihood and impacts for effects on population processes has to follow much the same 
argumentation as the preceding section on effects of exposure on wildlife generally. This concluded 
with a grading of “high” likelihood and “medium” impact when all areas of risk are considered. 
Effects on population processes are just one aspect of general exposure and taken in isolation the 
risk must be lower but not negligible. For all practical purposes its mitigation will be addressed by 
measures to reduce wildlife exposure to lead generally. 
 
 

Conclusions for effects on population numbers and conservation status 
 
To a large extent this has been covered in the preceding sections. 
 
The extent of lead exposure in some wildfowl species suggests the potential for effects on 
population size, although the detailed studies necessary to establish this have not been undertaken 
for species occurring in the UK. The extent to which lead poisoning mortality may be compensated 
for by other factors affecting survival is unknown, and perhaps even unknowable in the short to 
medium terms, and therefore population size may or may not be affected. 
 
On the basis of the evidence and recognising the distinction between firstly wildfowl, terrestrial 
gamebirds, raptors and scavengers on the one hand, and secondly other wildlife on the other, the 
likelihood of the risk arising for “other wildlife” is likely to be “very low” except in areas of intensive 
shooting. For the former group, although the potential exists for some populations, the research has 
not been undertaken.  
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Factors to be taken into consideration 
 

Wildlife  
 
The Government response in 1983 to the Royal Commission on Environmental Pollution’s 
recommendation that “as soon as substitutes were available the Government should legislate to ban 
any further use of lead shot and fishing weights in circumstances where they were irretrievably 
dispersed into the environment” was that “it had no evidence that spent lead shot from firearms 
posed any toxic hazard to the environment at large or to wildlife”. 
 
In 2009 the Government’s response through Defra to the evidence that emerged from the 
international Peregrine Fund Idaho conference was that “the department was unaware of any new 
research showing that lead ammunition residues or spent lead shot is a real (i.e. actual, physical, 
material or factual) threat to the conservation of wildlife in England”. 
 
The following sections provide a perspective on some additional factors that need to be considered 
before conclusions are drawn and action plans considered. It has to be stressed that these 
perspectives are those of the author, the Chairman of the Group, based on many years’ of 
experience, as an enthusiastic participant in all shooting sports; and having supervised many 
research studies and reviews of lead ammunition. 
 
 

The amount of lead dispersed 
 
We have been led to understand that some 6,000 tonnes of lead in the form of shot and rifle bullets 
are dispersed annually into the environment. The gun trade does not publish data on ammunition 
production and there is no independent audit, but John Batley who represents the gun and 
ammunition trades in UK and on the Lead Ammunition Group, has advised that the amount of lead 
shot is some 5,100 tonnes and 60% is dispersed within the vicinity of clay target shooting ranges. A 
further 900 tonnes are fired from centre and rim fire rifles. This means that the other 40% being at 
least 2,040 tonnes of shot are irretrievably and unevenly dispersed into the rural environment. 
Although this figure is an expert opinion it is consistent with the amount of shooting estimated to 
take place and is plausible.  
 
As a check, a normal pellet load in a game cartridge is 28<30 grams which suggests some 68<72 
million cartridges fired. We understand that the number of pheasants, partridges, grouse and 
Woodpigeons n.b. excluding ducks and geese, is some 21.6 million. In addition there are other 
species such as rabbits and hares. If these bag numbers are approximately true, the cartridge to kill 
ratio is 3.2 to1. This is low, because one has to be a competent shot shooting reasonably well to 
achieve 3 to1 consistently, but it is not outside the bounds of possibility and does not suggest gross 
error. A 10% reduction in the bag (18.9 million) and 10% increase in cartridges (77 million) suggest 
a cartridge to kill ratio of 4 to1. 
 
The dispersal of shot in clay target shooting dispersal is confined to clay target shooting grounds 
and the immediate surroundings; and for the larger grounds is subject to controls such as local 
authority planning and agricultural requirements for farm cropping and livestock management. 
Special netting can also be used at prestige events to limit shot dispersal.  Lead shot can also be 
recovered using machinery designed for the purpose although to date this, and the use of netting, 
seldom happens due to cost.  
 
Based on these numbers, the amount of lead dispersed in bullets is some 800 tonnes. Much of this 
is used for target shooting which also involves careful range management practices. No further 
quantitative estimation has been done.  
 
The risks to wildlife from bullets attach to circumstances where unretrieved carcasses or gralloch 
containing lead can be eaten by scavengers such as buzzards and eagles. 
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Difficult judgments about risks to wildlife 
 
Care needs to be taken when making judgments about degrees of harm to wildlife. Estimates of 
harm or mortality have to be based on serial but interacting assumptions concerning:  
 

a. Uptake of lead from the gut into the blood stream; 
 

b. Effects that a given level of lead in the blood will have on body functions; and 
 

c. Vulnerability of the individual organism due its sex, nutrition, age and health at the time of 
exposure.   

 
Available science enables us, however, to make confident assumptions on all these points and join 
them in a logical sequence; and hence to draw conclusions about effects on an “average” organism 
(or person). 
 
On the other hand even though organisms share biochemistry, physiology and organ function, 
certainly across all vertebrate taxa, there is evidence from livestock and wild deer for differences 
between species and individuals in differing circumstances, and the reasons are not always 
apparent. However, the effects of lead generally show a high degree of consistency across the 
majority of vertebrate animals. 
 
It can therefore be concluded with confidence, on the basis of a considerable volume of science, 
that once lead is ingested and retained in the gut for any length of time some of it transfers across 
the animal’s gut wall into the blood stream, and having done so it damages bodily functions, and 
thus bodily and mental condition to some degree i.e. the organism’s health.  
 
 

A problem of patchy evidence and small samples? 
 
As set out in the results sections above there are five routes by which lead ammunition may 
interfere with bodily processes71. 
 
The amount of research providing evidence for each route is variable or indeed may be absent in 
England. Much is drawn from research on wildfowl species in UK and overseas, though examples 
can be found for some terrestrial gamebirds from the UK. Research findings from other countries 
can be instructive and some prominent examples are provided by research projects on White-tailed 
Eagles and the Californian Condors Gymnogyps californiana. In North America research has also 
been done on non-wildfowl game species such as Mourning Doves and the American Woodcock 
Scolopax minor. The incidence of lead pellets has also been recorded worldwide in the guts of more 
than 60 species of bird apart from wildfowl. Studies at clay shooting grounds have recorded 
elevated lead levels in other vertebrate, invertebrate and plant species. Livestock can occasionally 
ingest harmful amounts of lead. 
 
On the one hand lead poisoning can be seen as a disease that affects dozens of species – with 
quite common and obvious effects. The disease is invisible to the general public because sick and 
dying animals hide, and are taken by predators and removed by scavengers.   
 
Even so and on the other hand, this represents a tiny fraction of the English biota and obvious 
effects appear to be occasional, insofar as they are contingent on the circumstances of exposure. 
 

                                                
71

  (1) By direct ingestion of pellets in mistake for food or as grit to aid digestion (2) as the result of pellets or 
microscopic fragments of lead being taken in when eating prey or scavenging dead animals that have been 
shot (3) by eating plants that have taken up lead from ammunition-contaminated soil and groundwater (4) 
by eating soil or soil organisms that have likewise taken up lead, or (5) by the transfer of lead from a 
previously shot organism’s own tissues. 
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Where studies have been conducted, however, the species concerned have indeed been found to 
be exposed to lead of ammunition origin, and negatively affected by it. Obviously, there remain 
species of UK biota that could potentially be exposed to lead from ammunition that have not been 
studied in the UK. Studies of invertebrates and ground dwelling or feeding vertebrates in areas of 
high ammunition deposition are scant, and studies of scavenging mammals do not exist in the UK, 
and indeed few exist globally. We may ask whether it is possible that perception of the risks has 
become overstated.  
 
There have been several lines of investigation that make such a conclusion unlikely. Studies have 
been done on captive animals and confirm that morbidity and mortality follow exposure to lead 
ammunition. 
 
Blood and tissue lead levels in animals found dead indicate blood lead levels (demonstrably from 
ammunition following isotope analysis) that are consistent with lethality or functional impairment (i.e. 
that could have made the individual vulnerable to a secondary and proximate cause of death e.g. 
flying into a power line). 
 
Diagnosis of lead poisoning mortality is associated with both elevated tissue lead levels and a suite 
of associated pathological signs of lead poisoning at post-mortem examination; additionally this is 
often associated with the presence of ingested shot (although not always, as lead shot has a short 
residence time in the intestine and may be totally eroded or voided after partial erosion and 
absorption). 
 
Studies from North America and Europe have shown reduced survival in wildfowl that have ingested 
shot (either through being dosed and released, or being captured and x-rayed) based on the ring 
recoveries of cohorts of wildfowl with or without ingested shot. 
 
And then of course, there are the records of unusual bird mortality events or “die-offs” reliably 
attributed to lead shot from both angling and shooting, especially of large birds such as swans and 
geese. These events happen in circumstances that extraordinarily conspire to make the birds 
especially vulnerable, such as during severe weather or in the event of disease, starvation or where 
habitat changes result in new exposure of lead in the environment. Lead shot attributed die-offs 
have been recorded in UK (see Spray & Milne 1988). 
 
All these fields of knowledge support the conclusion that many wild birds, and other animals in the 
defined circumstances, suffer, die or have their life cycle prejudiced by current dispersal of spent 
lead from ammunition. A wide range of related disciplines demonstrate that the biological processes 
essential for the survival and welfare of individuals as well as the health of some populations, 
encompassing a wide range of wildlife are all prejudiced to some degree.  
 
But though that much is true, it is not possible to predict, with a high level of confidence, the precise 
numerical extent or severity (especially in different localities where differing considerations will 
apply) because of the inherent uncertainties mentioned in the paragraphs above, and because the 
necessary research has not been done.  
 
It is however possible to predict those species likely to be affected where the pathway exists and to 
have a high degree of confidence of the types of negative health consequences of exposure to and 
absorption of ammunition lead. However, for some potentially exposed species in the UK, the 
necessary research has not been done, and for population level effects the research necessary is 
very complex and costly, where indeed it is even possible at an individual country level. 
 
 

The problem of missing bodies 
 
The evidence suggests that large numbers of birds die or are rendered moribund by exposure to 
lead. It has been argued that if a large number of birds die, as maintained for wildfowl in particular, 
such dead birds will be found. 



  FACTORS TO BE TAKEN INTO CONSIDERATION 

63 

The lack of bodies of animals dying from all causes has been a puzzle since the earliest days of 
David Lack’s population studies in the 1950s of Robins Erithacus rubecula. Non-scientists found it 
hard to believe, if the mortality rate was as high as Lack had revealed, that these suburban garden 
residents’ bodies would not be scattered around and found. Gradually science prevailed over 
presumption, and it is long accepted wisdom that dying wild animals are able to hide themselves 
away before death, and be removed and eaten by scavengers and any remains decomposed by 
insects and bacteria within days. Our own lack of observance may also play its part.  
 
Exceptions arise in the event of unusual mortality events such as disease outbreaks, severe 
weather or sudden pollution. But even then it is appropriate to recall that ringed Mute Swans on the 
Thames are infrequently found dead (Perrins, C. personal communication). 
 
Tobin and Dolbeer (1990) measured the survival times of songbird carcasses in apple and cherry 
orchards (the aim being to ascertain if mortality due to pesticides would be detectable by 
searching). Their results revealed that the survival time of carcasses was variable and depended on 
the groundcover where the carcasses were experimentally placed. The average percentages of 
carcasses remaining in the cherry and apple orchards under investigation were respectively 60% 
and 95% after 24 h, 47% and 88% after 48 h, and 31% and 62% after 96 h. Removal was effected 
by mammalian scavengers. They concluded that their results were consistent with earlier studies.  
 
Pain (1991) working in the Camargue in France, found that the period observers on a typical 
wetland habitat could locate carcasses, was short. With a high carcass density (50 birds in 7.8 ha) 
scavenging rates were very rapid and carcasses in exposed positions on land (therefore most 
visible) persisted for on average only 1.5 days. 
 
In general terms carcasses disappear because of their removal by scavengers within days and any 
remaining traces disappear through insects and bacterial decomposition within weeks. The rates of 
removal in Tobin and Dolbeer’s studies applied to the carcasses of animals that did not hide 
themselves away pre mortem and for which diligent researchers searched in known general 
locations. 
 
It is therefore reasonable to conclude that a large number of carcasses of birds, from ill or dying 
birds with days to hide, will not be evident, and that all traces are soon removed. Thus the apparent 
lack of bodies does not disprove the conclusion that animals commonly die from exposure to spent 
ammunition and all other causes. 
 
 

The problem of replacing one hazard with another 
 
It is also important for this report to consider the possible hazards that might be created by replacing 
lead ammunition with another metal ammunition such as steel, copper, tungsten or other materials72 
that pass non-toxic shot testing procedures in USA and would therefore be acceptable for use in the 
UK.  
 
We looked into the possibility that environmental pollution from steel shot deposited in wetlands 
could be an issue, and particularly whether chemical reactions between lead and iron could 
increase rates of lead breakdown. The key factors controlling the dissolution of lead shot (or any 
other mineral like component) in soils/sediments is pH/Eh, i.e. soil acidity/alkalinity and soil redox 
potential (reducing or oxic). Dissolution of the lead is mainly controlled by these two key factors at 
atmospheric pressure/normal temperatures. The presence of steel shot in the same soil/sediment is 
unlikely to have significant effect on these macro soil properties. Whilst the mass/volume of steel 
may, if use is mandatory, become locally high in some shooting situations, the very surface of the 
steel shot is the only bit that is effectively reactive and this will degrade/dissolve/oxidise over long 
timescales. It is hence unlikely to be giving the soil/sediment a big enough “hit” of free Fe/Fe oxides 

                                                
72

  Note that zinc is not a suitable alternative to lead due to its toxicity and did not pass the US non-toxic shot 
testing criteria so should not be promoted. 
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to affect the lead dissolution rate in any significant way. Iron is an extremely common element (4-5% 
of earth’s crust), so in most soils/sediments, there is a large amount of it around anyway, and even 
100s of shot/m3 would have little impact on the total mass of iron naturally already present. 
 
The Federal German Risk Institute has also investigated in depth the possible health risks from 
copper and zinc and they concluded that risks from ingestion of either copper or zinc are improbable 
(Schafft 2014).  
 
Tungsten has also been raised with us as a possible hazard but it is now clear that tungsten itself 
and tungsten polymer are non- toxic but alloys containing nickel or cobalt may be carcinogenic 
(Thomas, V.G. 2014). 
 
 

Being sure that it’s lead from ammunition 
 
From time to time, it is suggested that background lead from soils could be the source of elevated 
lead levels in people and wildlife; and hence that lead ammunition is wrongly blamed. Humans and 
wildlife are indeed exposed to lead in their daily diet or as the result of living in a locality with higher 
than normal levels of lead in the soil underfoot, or in the case of humans sometimes at their place of 
work.  
 
Multiple lines of evidence show that ammunition lead is a significant source of observed elevated 
lead levels in wildlife. These include the following: 
 

a. Ratios of lead isotopes found in the organism’s blood or other tissues have been compared 
with the isotope ratios of environmental and ammunition lead. In heavily lead-contaminated 
raptors and wildfowl, isotope ratios have been shown to be consistent with those in 
ammunition lead.  

 
b. Comparisons of the incidence of ingestion of lead of ammunition origin and lead poisoning 

inside and outside the shooting season show higher incidence of ammunition ingestion and 
lead poisoning during the shooting season. 

 
c. Comparisons of the incidence of shot ingestion and of lead poisoning in areas where there is 

shooting compared to areas where no shooting takes place show a positive association with 
shooting activity. 

 
d. The susceptibility of a species to ingestion of shot as a result of its feeding behavior is 

associated with incidence of lead poisoning (i.e. where there is the source and pathway, lead 
poisoning has consistently been recorded). 

 
e. Birds with elevated blood lead concentrations following shot ingestion have been shown to 

be more susceptible to other mortality factors (such as shooting and flying into power cables) 
consistent with known neurophysiological effects of lead. 

 
f. While local sources of lead contamination exist and can affect birds and other wildlife, no 

other sources of lead have been found that establish the source – pathway – effect of lead 
ammunition on a wide-scale and for the range of species established for lead of ammunition 
origin. 

 
These approaches have all been used to show that ammunition is the source of lead in blood.  
 
For exposure in humans, the source of lead in animal carcasses has also investigated by the 
German Federal Ministry for Food and Agriculture (BMEL) in a project “Food Safety of Game 
Obtained Through Hunting”. The aim was to understand the contributions of lead-based ammunition 
(input through hunting) and soil lead content (uptake through forage) to the lead content of game 
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meat. No effects of different levels of soil lead contamination on the lead levels in game meat were 
detected. 
 
Studies from the UK and elsewhere have shown that game shot with lead ammunition has elevated 
lead concentrations relative to meat that has not been shot with lead ammunition. Similarly, studies 
from Europe and across the world have shown blood lead levels in humans increase in association 
with the consumption of game shot with lead, and also in proportion to the amount of game shot 
with lead that is consumed. 
 
 

Are the alternatives to lead shot and bullets as humane as comparable lead 
ammunition? 
 
The question remains whether some non-lead alternatives, especially steel as the low cost option, 
might increase wounding losses to a degree that is greater than the combined current level of 
wounding with lead and the toxicity of lead. Are we replacing one problem with another? 
 
The evidence available to this report indicates that the standard alternatives to lead, such as 
cartridges loaded with steel or bismuth shot, perform comparably to lead up to 40 m which is the 
recommended maximum range at which to shoot game. So as long as game is shot at or below 
recommended ranges there will be no long-term increase in wounding. It is not for this report to 
speculate whether much game shooting is attempted at ranges beyond 40m and whether that is 
morally acceptable.  
 
There are a number of fields of evidence that confirm comparability: 
  

a. Wounding rates have been monitored in countries where lead shot has already been 
replaced, for example in Denmark where a concerted campaign was run to promote the 
necessity of shooting at suitable ranges, especially for goose shooting, and wounding rates 
accordingly dropped significantly. 

 
b. In other countries where lead has been replaced, for example in UK on wetlands, 

Netherlands and Norway, the wounding rates have not been monitored systematically but 
there is no evidence, and rather little anecdote, of increases. 

 
c. Considerable research has been conducted and published from North America into 

wounding rates of wildfowl, pheasants and Mourning Doves with no evidence of increases. 
 

d. For rifle bullets, significant experience is now also available from many countries where non-
lead rifle ammunition is mandatory or available for use, with general largely anecdotal 
evidence of acceptability to deer managers and stalkers.  
 

e. The lethality of shotgun cartridges is known to depend on the density of the shot pattern and 
penetration of the shot that ensure high probability of rapid death.  Standardised range tests 
confirm that the required number of hits on a target, combined with necessary penetration, 
are delivered by commercially available lead alternatives including steel shot, up to 
maximum recommended ranges. 

 
f. For rifle ammunition much the same approach has been taken; measuring muzzle and down 

range velocities and impact characteristics for rifle cartridges of different design, bullets of 
different weights and deformation characteristics and to model and standardise performance 
parameters that deliver lethality (marksman error to one side). 

 
The lethality of any shotgun cartridge is the product of many factors including the total weight of 
shot, and the size, weight and shape of individual pellets. These variables affect the design velocity 
at which the shot charge is projected, as well as the concentration and strike energy of the pellets at 
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a given range. Studies comparing traditional lead loads and alternative steel loads show that for 
practical purposes, performance is indistinguishable at recommended game shooting ranges.  
 
Numerous sources show that effectiveness, whether for shotgun or rifle shooting, is also to a large 
degree dependent on the shooter’s skill and use of the right cartridge in a given firearm. For further 
information on effectiveness and operating ranges for shotguns BASC has produced an information 
sheet on ‘Lead Shot Substitutes – what you need to know’.  
 
The evidence from North America (Pierce et al. 2014) and Denmark (Noer et al. 2007) where the 
effectiveness and wounding losses of lead and steel shot ammunition have been intensively studied 
shows that:  
 

a. Wounding losses do not increase following the requirement to use non-lead ammunition 
(once the hunter has adjusted to the new technology and assuming that hunters are not 
shooting at ranges in excess of those recommended). 
 

b. The size of the harvest i.e. recreational shooting activity is not decreased (in fact goose 
shooting harvest doubled in Denmark between 1997 and 2005) 

 
c. The principal causes of wounding loss are poor shooting skills, shooting out of range, using 

improper loads and chokes and “dropping birds into heavy cover”, and  
 

d. With proper training and education, hunters can reduce their wounding losses, even below 
those that pertained before the introduction of non-lead ammunition. 

 
Aebischer et al. (2014) have also recently confirmed the critical importance of good practice for 
reducing wounding losses when shooting deer species in England.  
 
Work has been done to assess the relative performances of standard-proved steel and lead 
shotgun cartridges, though little has been published as yet. In the author’s experience, patterning 
and penetration tests of 28g and 32g no.3 and no.4 steel shot cartridges manufactured for shooting 
game by Hull show that such (then) standard performance steel loads were safe to use in non-steel 
high performance steel proved guns. Patterning studies of 30 inch circle pellet counts and 
penetration data indicated that these loads are capable of producing a sufficiently dense pattern to 
ensure required lethality in pheasants, according to the CONSEP criteria set out in the BASC 
information paper. These loads are capable of penetrating at least as far as typically used lead 
loads and these standard performance steel loads perform at least as well at 30 and 50 yards as 
traditionally-used lead loads.73 On the basis of especially loaded cartridges producing consistent 
velocities, the benefits of increasing cartridge pressures and velocities from 1,100 to 1,300 fps 
suggested that there is no significant benefit in terms of pattern to be gained.  
 
Evidence from North America (see Pierce et al. 2014) compared Mourning Dove harvest metrics for 
lead (Pb shot size 71 2, 32 g) and steel (Fe shot sizes 7 and Fe 6, 28 g) 12-gauge ammunition types 
using a double-blind field test in central Texas. The study found no differences in the number of 
attempts, or number of shots fired among ammunition types. Hunters were unable to distinguish the 
ammunition type being used in the field, and the study detected no relationship between 
ammunition type and level of hunter satisfaction. Field analyses detected no difference in doves 
bagged per shot, wounded per shot, bagged per hit, or wounded per hit among the three 
ammunition types. Necropsy analyses detected no difference in the proportion of birds with through-
body strikes, mean penetration depth of through-body strikes, or mean embedded pellet depth 
among ammunition types. 
 

                                                
73

  It is to be noted however that Hull steel game cartridges are today marketed as generating velocities of 
1,400 fps which nowadays places them into the CIP high performance steel proof requirement level (the 
boundary between standard and high performance being 1,395 fps although it was 1,410 in 2010).  
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The shooting stakeholder representative has provided no evidence that commonly used steel game 
loads do not perform comparably to lead game loads up to maximum recommended field shooting 
ranges. 
 
There has been correspondence from a member of the public, a respected expert, Mr Nigel 
Blayney, regarding theoretical ballistics comparisons contained in a 1996 report to the Department 
of the Environment by R.A Giblin and D.J.Compton of the Royal Military college of Science at 
Shrivenham and University College London published as “A ballistics measurement system to assist 
the development and evaluation of non-toxic shot” in January 199674. This report is no longer 
publicly available but cites theoretical drawbacks of steel pellets compared with lead pellets based 
on a pellet’s energy intensity, which is a product of its kinetic energy and cross sectional area. Since 
a steel pellet of unit size has less mass than a lead pellet and a steel pellet of the same mass has 
lower energy intensity, the argument is made that its penetration and effectiveness at longer than 
very short ranges must be less.  
 
However, more recent ballistical research done at BASC in conjunction with various partners has 
suggested that other considerations apply, such as steel’s higher pellet velocity up to maximum 
recommended field ranges, as well as its lesser tendency to deform, giving a better pattern and 
greater penetration after striking the target. 
 
For rifle bullets, evidence for the effectiveness and lethality is mostly anecdotal. RSPB published the 
results of trials from deer culls (Knott et al. 2009).  
 
The Federal Ministry for Food and Agriculture in Germany (BMEL) project LEMISI 2011 to 2014, 
concluded that there was no significant difference in the distance run by game after being shot, both 
in Roe Deer Capreolus capreolus and Wild Boar, between leaded and non-leaded projectiles.  
 
The Forestry Commission in UK is trialing lead free ammunition for its deer culls and its conclusions 
are awaited.  
 
The anecdotal information received to date indicates that copper bullets work very well for larger 
deer species, but that for killing smaller game with calibre rifles less than .243, there is a lack of 
suitable non-lead ammunition. This is a problem for shooting foxes and rabbits; for example with .22 
calibres, both centre-fire and rim-fire. 
 
In conclusion: 
 

a. Alternatives to lead, including steel shot, nowadays perform at least as effectively as lead up 
to maximum recommended field shooting ranges.  
 

b. Copper rifle bullets provide suitable alternatives, but further work needs to done for small 
calibres.75  

 
c. The available variety of non-lead shotgun and rifle ammunition are more restricted than 

currently available for lead, so optimum loads may not yet exist for all circumstances.  
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  Ballistics measurement system to assist the development and evaluation of non-toxic shot : report to the 
Department of the Environment 
Author: Roger A Giblin; D J Compton; Great Britain. Department of the Environment.; University 

College, London. Department of Electronic and Electrical Engineering. 
Publisher: Bristol : Department of the Environment European Wildlife Division, 1996. 
Edition/format: Book : English  
Database: WorldCat 
Rating: (not yet rated)  
Subjects Ballistics - Measurement. Ammunition. 
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  Ref: Thomas.V.2013.Lead-Free Hunting Rifle Ammunition: Product Availability, Price, Effectiveness, and 

Role in Global Wildlife Conservation. AMBIO 42(6); 737-745: DOI 10.1007/s13280-012-0361-7 
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d. The variety and performance of non-lead ammunition will, if demand exists, improve to meet 
demand. 

 
 

Do steel shot and copper bullets increase risks to the user or to bystanders from 
ricochets? 
 
Precautions need to be taken when firing steel shot at a resilient pattern plate as steel shot will 
rebound to a greater extent than lead (see reference to a study carried out by the Italian National 
Proof House at Gardone, Italy cited in Hancox 1996). This needs to be factored into clay shooting 
health and safety risk assessments. 
 
In other circumstances of deflection as opposed to rebound, such as is more normal in the field, 
heightened risk is restricted to the vicinity of the strike as kinetic energy is lost on impact though 
perhaps to a greater extent with lead than steel. For all practical purposes, an unsafe shot with steel 
shot is an unsafe shot with lead. There is no evidence from shooting in countries, where steel shot 
has been in use for many years, of an increase of reported accidents.  
 
Bill Harriman, BASC’s Director of Firearms, reviewed the risk in 2010 and his report “Ricochet 
characteristics of rifle bullets” concluded: 
 

a. Any bullet of any type or construction will ricochet if the circumstances are correct. 
 

b. Ricochets from high velocity rifle bullets are rare. 
 

c. Copper alloy rifle bullets do not appear to be any more likely to ricochet than conventional 
jacketed bullets. 

 
d. Ricochets are only likely to be dangerous in the immediate vicinity of the impact i.e. in a 

situation that would be an inherently unsafe shot. 
 

e. Ricochets are not an issue if a shot is taken with the target animal in front of a safe 
backstop. 

 
Further studies have been published in Germany by the Federal Ministry for Food and Agriculture in 
a project on “Deflection of projectiles in hunting ammunition 2009 – 2011”. The project concluded 
that there are no significant differences evident in deflection characteristics between ammunition 
using bullets containing lead, and without it respectively (Heider 2014). 
 
The risk of ricochet remains a matter for local health and safety risk assessment by shoot 
organisers. 
 
 

Is steel shot a hazard in forestry? 
 
There is no documented evidence of any problem with the use of steel ammunition in forestry in the 
Nordic countries (Denmark in particular). Concern that steel shot might damage standing timber was 
raised when lead was to be prohibited in the 1990s in Denmark, and the forestry authorities had 
recommended against the use of steel. There is still concern among some woodland owners. 
Experience from Scandinavian countries suggests however that it has not been a significant 
problem; except possibly in woodlands managed for veneer timber, though even in this instance it 
has not been a major issue in practice.76 
 
An independent review is currently underway in Denmark and the results are expected in 2015. 

                                                
76

  The Danish Forestry Association have a website with shot types approved for use in commercial 
woodlands: http://www.skovforeningen.dk/site/nyheder/1278/. 
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Can fibre and biodegradable wads be used with steel? 
 
It is has been raised with us that plastic wads that have commonly been used to date with steel shot 
are hazardous to farm livestock and unacceptable on aesthetic grounds for use on most game 
shooting estates; moreover that biodegradable fibre wads commonly used for game shooting with 
lead are not available for steel.  
 
Biodegradable fibre and photodegradable wads have however been available for some time for use 
in steel game loads; for example those produced by Gamebore77. The technology is certainly 
available and, if the demand is there, cartridge manufacturers have made it clear that brands will be 
developed and marketed accordingly. 
 
 

The possible toxicity of steel shot when ingested (MRI scans) 
 
The precautionary screening that takes place before scans are done, and the lack of any reported 
problems in UK or other countries, lead to the conclusion that there is no evidence of additional risk. 
 
 

Any possible increase in sepsis in birds wounded by steel shot 
 
There is no evidence of increased risk of sepsis in birds wounded by steel shot compared with 
those injured with other materials. Sanderson et al. (1998) cited Kraable et al. (1996), who 
concluded that inflammatory reactions to steel shot were localised, and had no systemic effects on 
mallard health under experimental conditions; but their reliability is uncertain.  
 
 

Human health 
 
The key question is how confident can we be about the numbers of children and adults who 
regularly eat sufficient game, over an extended period, to put themselves at risk of the clinical risks 
identified by this report (keeping in mind that there is no lower limit without risk of some toxic effect).   
 
The word “regularly” is stressed because toxic effects scale according to the accumulation of lead in 
the body. 
 
Work done by BASC and the Countryside Alliance (Ellis 2014), following the completion of the 
human health risk assessment (Appendix 1), suggested the following:  
 

a. Across the households of all participants in shooting sports in the UK (480,000) 59,500 
children under three and a further 95,200 between four and eight years old eat game.  
 

b. Some 4,879 under three years old and 7,585 between four and eight live in households 
where game is eaten at least once a week. 

 
It is clear that a substantial number of children could be at risk of additional exposure, on top of their 
normal dietary exposure to lead, by virtue of lead from ammunition. 
 
A later report, based on Ellis 2014, was received from BASC and Countryside Alliance (2014) and 
considered by the Group. Its suggestions were however included in the assessment of mitigation 
options.   
 
The true impact on any individual in any household depends on a number of factors. At one 
extreme, all the eaten game could have been farmed game and not shot; therefore the additional 
lead risk would be zero. At the other extreme, if the game consumed is in the form of offal from the 
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  http://www.gamebore.com/products/37/12g-silver-steel-fibre 
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thoracic region of a bullet-killed animal, or minced products such as sausages or burgers using 
offcuts and discarded meat, the risk could be significant. In between, hunter-consumers are known 
to vary in the rigour with which they discard shot-damaged meat and probe to remove pellets and 
visible lead fragments. Ellis (2014) has suggested that hunters who shoot more, tend to take more 
care with meat preparation. The same was found in Sweden (Swedish National Food Agency 2014). 
But there is no evidence in UK that this reduces the lead content in cooked game; or known 
communication to hunters about how much damaged or contaminated meat to discard. Similarly, X-
rays of gamebirds on the market to the general public (thus presumably not those birds most 
damaged by being shot) confirm the presence of widely-dispersed small lead fragments (Pain et al. 
2010). Some of these birds had average lead concentrations more than ten times higher than 
maximum levels permitted in poultry and other livestock meats in the EU (no maximum level has 
been set for game) after shot and large shot fragments were removed. 
 
Awareness of lead-related risks does not form part of the shooting press narrative, or industry 
standard training programmes such as the LANTRA Award in Wild Game Meat Hygiene or the Deer 
Management Qualifications Deer Stalking Certificate. Nor does it find a place in shooting industry 
codes of practice such as the Code of Good Shooting Practice. 
 
It is known however, that whole bird or venison and wild boar products sold through supermarkets 
and FSA registered Approved Game Handling Establishments (AGHEs) are subject to quality 
checking to remove shot or bullet damaged meat because it would be cosmetically unacceptable to 
their public markets and customers. But research indicates that elevated lead levels are still 
recorded when no obvious lead pellets or fragments can be seen. Lead levels in purchased 
products are known to exceed the maximum levels permissible for other meats, often by a 
considerable amount, as indicated above. 
 
There is no information whether meat deemed unfit for whole joint or bird presentation is used for 
sausages, soups, terrines etc. It is known that a proportion of venison products are of farmed origin 
and it is likely to have been killed in a way that does not result in lead contamination of the meat. 
Little information is available on the large amount of venison imported from New Zealand. It is 
thought that the New Zeeland government distinguishes between farmed venison and wild-hunted 
venison in its export statistics. Only the latter will risk lead problems, since the former is all abattoir-
slaughtered. 
 
Little or nothing is known about lead levels in products made from minced game and venison in UK 
e.g. sausages, burgers, soups and patés. The heightened risk is that these products derive from off-
cuts and ‘bruised’ meat adjacent to the bullet track. They could therefore be more contaminated with 
lead. Sausages and burgers are particularly popular with children.   
 
Many retailers are involved in local and small-scale sales and not FSA registered as AGHEs. Their 
local authorities license them less stringently and there is no requirement for veterinary inspection. 
Traceability requirements still apply. Much additional local trade and disposal of game goes on 
without even that; but distribution and consumption to friends or within a local community carries 
reputational checks and balances (though without relevance to the game’s lead content). 
 
These areas of uncertainty suggest caution about estimating too precisely the numbers of people 
who may be put at risk by eating game shot with lead. 
 
We also have to recognise that the number of assays of lead levels in game and venison products 
is small and the range of species, cuts and products tested is narrow. 
 
Nor has any testing been done in UK to test the blood lead levels of people regularly eating game, 
venison or products. Such validation is difficult because it is not sufficient, without strict controls and 
safeguards, to rely on self-reported levels of consumption; but such work has been done in Sweden, 
Norway and Germany.  
 
We can reasonably conclude that the health of children or to lesser degree adults regularly eating 
game, venison or their products (once a week or more), especially when shot or bullet-damaged 
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tissue has not been removed or excluded beforehand, will be at risk to some degree. The harm will 
vary from individual to individual depending on circumstances and personal susceptibility. The harm 
will be subclinical. The individual will not know whether or to what extent a particular outcome 
(lowered IQ, failure to pass an exam, miscarriage, heart attack, stroke or kidney related dysfunction) 
was due to, or contributed by, their having regularly eaten game or venison shot with lead 
ammunition. 
 
If those children eat 12.7 to 20.4 g of contaminated game meat per week, there would be a potential 
change in their SATs test scores equivalent to the EFSA BMR for IQ; or if they eat 40 to 70 grams 
per week a 1-point reduction in their IQ. That some children eat this amount of bird-game meat is 
not unimaginable. It is reasonable to suspect that many of the children that consume one or more 
meals of game a week could indeed consume this amount of game. It is appropriate to keep in mind 
that these effects, per weight of game eaten, are based on BMDs and not the more health 
protective BMDLs. If BMDLs had been used in these calculations, as recommended by EFSA, the 
amounts of game children would need to consume to result in the health responses (BMRs) would 
be lower, and the numbers of children potentially affected higher. 
 
The conclusion has to be, in line with the advice given by the FSA, that children should not eat lead-
shot game with such frequency or at all. This is especially true given that EFSA concluded that 
some children in the EU, who do not frequently consume game, might already be exposed to 
potentially damaging levels of dietary lead. The risk extends to pregnant mothers because of the 
risk to a child in the womb. 
 
The health risk to adults (excluding women of pregnancy age) is likely to be of a lesser order for a 
variety of reasons. Adults must eat more lead-contaminated game to risk exceeding the benchmark 
dose corresponding to key clinical outcomes such as chronic kidney disease and increased systolic 
blood pressure.  
 
Effects from lead exposure interact with many other age-related and health considerations and 
these themselves depend on the individual’s life-style risk choices and implicit degree of risk 
tolerance. 
 
Adults eating 240 to 380 g or 800 to 1,300 g per week of lead-shot game-bird meat (depending on 
the statistical model used) risk a 10% increased prevalence of chronic kidney disease using the 
EFSA BMR. Chronic kidney disease is also age-related, and affected by an increase in blood 
pressure. 
 
Adults weekly eating 240 to 380 g or 640 to 1040 g of gamebird meals (depending on statistical 
model) risk a 1% increase in systolic blood pressure (the EFSA BMR). This is equivalent to an all-
but daily consumption.  
 
It is not possible to estimate with confidence the number of people in the UK who may regularly be 
eating this amount of gamebird meat. 1.4% of 2,317 respondents to the BASC/CA surveys (Ellis 
2014) reported eating pheasant meat more than twice a week. At most this could mean some 
67,200 of the 480,000 shooters do, and to that should be added the other members of their 
household who regularly eat with them. 
 
Increased blood pressure predisposes the individual to hypertension, heart attack and stroke, 
although other health, diet and family history factors are important factors. Hence the exact 
consequences of a 1% increase in blood pressure among those who eat a lot of game shot with 
lead will be unknown to the individual and only quantifiable at a population level. In 2011, 160,000 
people in UK died of cardiovascular diseases including heart attack and stroke, but it is beyond the 
scope of this report as well as the data available to estimate the number of game-meat consumers 
who might die or suffer from CVD outcomes in consequence of the known frequency distribution of 
consumption and probability of a CVD outcome. That does not mean that lowering risk should not 
be attempted. Lowering risk will depend on (1) increasing general awareness among shooting 
participants of (2) teaching the health benefits and good game preparation and (3) moderate 



Lead Ammunition, Wildlife and Human Health Report  

72 

consumption among at risk groups – and that will follow communications messaging that addresses 
the overriding risks to children. 
 
This assessment concludes that if human health were the only consideration, with children the 
priority, a targeted communications and game meat preparation campaign might a priori be 
considered as having the prospect of being sufficient. It must be said however, given current 
resistance of many in the shooting community to the negative health impacts of lead shot game, 
that a half-hearted campaign that fudges the nature of the risks will be ignored and ineffective. 
Alternatively, a general solution such as appears necessary to deal with the general character of the 
risks to wildlife population processes, would also solve the human health risks; both actual and 
potential. 
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Mitigation and efficacy 
 
If the wide range of risks, arising from the continued use of lead ammunition, is to be addressed, all 
possible mitigating countermeasures need to be assessed individually and in combination as to their 
effectiveness regarding the different risks. 78 
 
A Cross Risk Reduction Efficacy worksheet in the Register of Risks and Mitigation is used to show 
where the balance of benefit/cost lies (Appendix 6).  
 
Judging the likely efficacy of a countermeasure involves two considerations: firstly concerning the 
particular risks a countermeasure will reduce, and secondly the degree to which the 
countermeasure can reasonably be expected to reduce those particular risks; in other words will it 
eliminate, substantially reduce, reduce it to some extent, or have no direct effect whatsoever. 
 
 

Phase out and ban of lead ammunition option 
 
The phase out and eventual ban of the use of all lead ammunition must be considered an option for 
all risks and would eliminate all current residual and future risks; apart from risks derived from 
historical deposition and animals surviving with lead in their tissues. These two sources of 
continuing risk will decline over time. 
 
 

Options 
 
If implemented, a phase out across the board and “in one go” would terminate the majority of 
residual risks. 
 
Different options for “phase out” can be conceived for lead shotgun cartridges and rifle ammunition 
separately; and for live-quarry and target shooting separately.  
 
There are therefore six possibilities: 
 

a. Phase out via a ban on the use of lead gunshot for all shooting of live quarry. 
 

b. Phase out via a ban on the use of lead gunshot for all shooting of both quarry and targets. 
 

c. Phase out via a ban on the use of lead bullets for shooting all live quarry. 
 

d. Phase out via a ban on the use of lead bullets for all shooting of both quarry and targets. 
 

e. Phase out via a ban on the use of all lead ammunition (gunshot and bullets) for all shooting 
of all live quarry. 

 
f. Phase out via a ban on the use of all lead ammunition (gunshot and bullets) for all shooting 

of live quarry and targets. 
 
The advantages, disadvantages and implicit cost areas for these options are in each case as 
follows: 
 

a. Banning lead gunshot for all shooting of live quarry would: 
 

o Prevent the vast majority of shotgun related risks to wildlife and human health; 
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  Three broad strategies are conceivable: firstly to tolerate (and monitor) the risks as they stand; secondly to 
implement a suite of countermeasures which in combination mitigate the key risks to a known and 
satisfactory degree; and thirdly, to replace lead ammunition with non-toxic alternatives. 
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o Secure future gamebird and small game food markets at home and overseas; 
 

o Not interfere with target shooting; but would 
 

o Not address rifle ammunition-related risks; 
 

o Make it possible that lead clay shooting ammunition might continue to be illegally 
used for live quarry shooting; and 

 
o Cause opposition from the game shooting and related industry organisations.  

 
b. Banning use of lead shot for clay target shooting is the line followed in Sweden due to their 

special clay ground circumstances, often in wetlands and acid soil environments. Live 
upland quarry shooting with shotguns in Sweden is non-intensive and there is very little 
reared game shooting: in 2013, 23,000 pheasants were shot in Sweden79, 80. 

 
c. Banning lead shotgun cartridges for both live quarry and target shooting would in addition to 

the above: 
 

o Remove the risk of target shooting cartridges being used illegally for live quarry 
shotgun shooting; 

 
o Remove occupational and home-loading risks; 

 
o Mitigate local livestock, environmental, wildlife and therefore human health risks 

associated with clay shooting grounds and areas of intensive shot deposition;  
 

o Assist shotgun ammunition producers who would have a larger secure market for 
alternative ammunition to supply; but would still; 

 
o Not mitigate any of the wildlife or human health risks arising from lead bullets; and  

 
o Interfere with competitive clay target shooting sports. 

 
d. Banning lead bullets for shooting all live quarry would  

 
o Remove related risks to wildlife raptor and scavenging species as well as related 

human health risks (from venison and other large game animal food outputs); 
 

o Secure future overseas export markets for English wild venison (and other large 
game animals in the future); 

 
o Help facilitate deer management and control necessary for road safety, restoring and 

protecting wildlife sites from deer browse, and preventing damage to forestry, 
woodlands and crops; but 

 
o Could increase the cost of ammunition cost (up to 20% higher for comparable 

copper-bulleted ammunition); and require  
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  Magnus Rydholm, Head of Communication SJF personal comm 1 May 2014. “Looking in statistic we last 
year shot 113000 mallard, and 23 000 pheasant”. 

80
  Some clay shooting grounds in the USA are trialing obligatory use of non-toxic shot including for 

competition shooting. John Batley comments received May 2015.  
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o Require a review of current statutory ballistical performance criteria in the Deer Act 
1991 Schedule 281;  

 
o Require deerstalkers and managers to adapt best practice skills to unfamiliar 

products; and 
 

o Have to include consideration of alternative small calibre ammunition, which have yet 
to be satisfactorily developed, for killing e.g. rabbits and foxes. 

 
e. Banning lead bullets for all shooting all live quarry and targets would additionally  

 
o Mitigate environmental and wildlife risks associated with target shooting ranges; and 

 
o Remove occupational and home-loading risks; but  

 
o Interfere with rifle target shooting sports and related ammunition industry 82. 

 
f. Banning all lead ammunition for gunshot and bullets for all shooting of live quarry (but not 

target shooting) would have the advantage: 
 

o Target-shooting disciplines would not be interfered with. 
 
 

Cost and functionality considerations 
 
Introducing or amending Environment Protection (Use of Lead Shot)(England) Regulations or a 
regulation under human health powers would entail costs to Government and costs associated with 
promulgation of any new measures. 
 
Ammunition production businesses would face the choice of investing in new production capacity 
and methods, or ceasing the production of current brands; but as the AMEC report (ECHA 2013) 
makes clear, such costs would be passed on to consumers.  
 
In those countries where use of non-lead ammunition is required, the cost of steel shot ammunition 
remains comparable to lead shot ammunition. Shooters seeking cartridges with higher ballistic 
performance, or for use in specialist shooting disciplines, already pay a premium for specialist lead 
ammunition. 
 
The cost-concern raised in the AMEC report was that a substantial number of guns (95%) in use 
would have to be reproofed for safety purposes. The number involved in Britain is unknown but 
would depend on the performance specification of the chosen non-lead cartridge. If the non-lead 
cartridge’s muzzle velocity, as specified by the manufacturer, falls below the velocity threshold 
recommended by CIP then a shotgun’s standard proofing for lead cartridges is sufficient and the 
gun does not need to be proofed for high performance steel cartridges. Conversely, if the cartridge’s 
velocity specification exceeds the threshold it does. Almost all modern shotguns are already proofed 

                                                
81

  The Deer Act 1991 Schedule 2 lists firearms and ammunition prohibited for the killing of deer, and includes 
any rifle having a calibre less than .240 or a muzzle energy of less than 2,305 joules (1,700 foot pounds) 
as well as any bullet for use in a rifle other than a soft-nosed or hollow-nosed bullet. 

82
  John Batley personal communication (May 2015). Quote: “Centre fire and rimfire lead ammunition. (900 

tonnes). .22 rimfire alone account for around 55-65 million cartridges. The considerable majority of such 
ammunition, 30-35 million rounds, is used for target shooting and is recovered and re-cycled (around 
90%), The competition world of .22 rimfire ammunition is dominated by one company in the UK and this 
company’s products won 14 of the 18 available medals at the recent London Olympics.  There is currently 
no effective alternative to lead for this company’s products and little likelihood of new alternatives coming 
onto the market in the foreseeable future.  In the event of a ban of lead ammunition this company would 
move their operations abroad with the loss of more than 100 UK jobs. John Batley comments received May 
2015.” 
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to this higher standard. In addition, an unknown number of shotguns may not by virtue of their age 
or barrel construction (Damascus), full choke configuration or short chamber length be suitable for 
use with non-lead ammunition.  
 
AMEC was also concerned about functionality differences between lead and non-lead ammunition 
and reduced performance in terms of range and lethality reducing shooters’ enjoyment of their 
recreation. This has been discussed earlier in this report.  
 
AMEC used a figure of 9,000€/tonne as the cost of removing lead ammunition from the market and 
replacing it with alternatives; being based on an assumed cost increment of 20% for non-lead 
cartridges and 95% of shotguns would require retesting. If that worst case cost is applied to the 
2,000 tonnes said to be dispersed annually by live quarry shooting in UK83 the total cost for the UK 
would be €18 million (£14.4 million). This is likely to be an overestimate for England because it 
covers all the UK. To put this figure in perspective the latest values for shooting in the UK (BASC 
2014) indicate that £2.5 billion is spent each year by shooters on goods and services associated 
with live quarry and target shooting. If these costs are shared according to the reported numbers of 
gun days devoted to live quarry (3.6 million) as opposed to target shooting (7 million) the annual 
spend for live quarry shooting is £0.85 billion annually; hence the cost of replacing lead with non-
lead cartridges would represent a 1.7% increase in the average live quarry shooter’s annual spend. 
It would be even less if all shooters opted for steel, which is comparably priced84.  
 
 

Awareness raising options 
 

Media communications 
 
Objectives for a communications campaign have been suggested as follows: 
 

a. Raise awareness amongst consumers of game, of the risks associated (with whatever 
effect). This needs to consider that game consumers increasingly include the general public, 
partly as a result of the highly successful ‘Game to Eat’ campaign. 

 
b. Raise awareness of potential risks specifically amongst parents of children who eat 

gamebird meat regularly. 
 

c. Encourage reduction in consumption of lead-shot gamebird meat for children under 8.  
 

d. Raise awareness amongst pregnant women and those wishing to conceive of the risks 
associated with consuming game shot with lead. 

 
Any such strategy, though laudable, needs to be much clearer than it is at present in order to get off 
to a fair start. Media communications will be key to any mitigation campaign and have the potential 
to be effective or ignored depending on their messaging.85 
 
If a campaign properly explains the risks and gives clear (credible) practical advice and guidelines, 
especially to game-eating households, it has the potential to be a helpful mitigation measure 
supportive of other mitigation measures. At the time of writing this report however, the messaging 
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  Batley, J., personal comm 3 Jan 2014. The industry maintains a 60%-40% split between clays and game 
and on industry figures of around 5,000 tonnes per annum this equates to 2,000 tonnes used for game 
shooting (around 68 million cartridges). 

84
  A recent study of 37 corporations that produce non-Pb bullets and shot for the international market found 

no major difference in the retail price of equivalent Pb-free and Pb-core ammunition for many popular rifle 
calibres and shotgun gauges (Thomas 2013). 

85
  All too often, a communication is put out once and considered sufficient; but without any attempt being 

made to evaluate the effectiveness of the advice given.   
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remains vague and conflicted by some negative media narrative that there “isn’t any risk and it’s all 
a conspiracy”. 
 
There are, furthermore as yet, no agreed goals for any such public health campaign. Is the goal, for 
example, to reduce the exposure of children by 50%? Unfortunately, there are few examples of 
health campaigns in other fields, certainly without substantial institutional backing and resources, 
where communications alone have been shown to be effective to any significant degree.86 
 
Such confused messaging, in this case with respect to lead ammunition, is deep-seated and will 
require a change of heart by the key shooting industry bodies to succeed. The messaging moreover 
needs to address the barriers identified by the 2010 compliance questionnaire, albeit concerning the 
wildfowl and wetlands regulations, namely that shooters in general did not believe there was a 
significant problem.  
 
In the absence of key messaging and supporting narrative, together with proposed resourcing and 
media to be used, it is not possible to gauge the efficacy or costs of continuing media 
communications as a mitigation option. And, at the heart of any human health communications 
strategy, there need to be clear goals and a consumption frequency reference point relative to 
which game consumers can make informed choices. 
 
 

Codes of conduct 
 
Codes of conduct already exist. New codes or amended versions of existing codes require the 
messaging, narratives and resourcing to be settled first. 
 
Experience indicates that, on their own, codes of conduct are a useful starting point for best practice 
standards, training and distance learning resources both paper-based and online. Codes tend to be 
respected by the responsible and ignored by the feckless. 
 
It is not possible to gauge the efficacy of codes of conduct as a mitigation option in the absence of 
key messaging and supporting narrative together with proposed resourcing and media to be used. 
The costs would be borne by the shooting industry. At the heart of any codes of practice for human 
health there needs to be a “consumption frequency reference point” so that game consumers can 
make informed choices. 
 
 

Best practice and education 
 
It was suggested that there should be “Education of shooters on alternative shot types and how to 
use them where the law dictates”.  
 
The wording of this proposed mitigation option is aimed at improving compliance with the 1999 
regulations for wildfowl and wetlands. The context of mitigation for the risks identified in this report 
needs to go wider than use of non-lead shotgun cartridges for wetlands and wildfowl. There are, for 
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  The shooting representative has drawn our attention to examples where public health campaigns are said 
to have had some beneficial effects, e.g.: 

Salt  The Consensus Action on Salt & Health campaign has led to a fall in salt consumption up 
to 10% in some age groups over the last 2 years. 

Vaccination  The first half of the governments MMR catch-up campaign led to a 10% increase in 
vaccinated children (awaiting data on the second half). 

Stroke   The FAST campaign led to a 24% increase in stroke-related 999 calls in the 2 months 
following the campaign. 

5-a-day   Fruit and vegetable consumption increased on average by 10% in the years following the 
campaign. 
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example, significant best practice and education needs resulting from reducing lead exposure from 
venison derived from wild deer. 
 
This mitigation option as currently written has no efficacy other than for risks to those wildfowl that 
feed only in wetlands (i.e. excluding the many grazing species), other wetland species and wetland 
environments. 
 
With respect to estimating the costs of developing best practice, education and standards, course-
work and distance-learning would require detailed specifications to be prepared and put out to 
competitive tender by training providers. Ongoing costs can be expected to be covered by 
participant and candidate charges.  
 
 

Other measures 
 

Food labeling  
 
The Main Committee has been given expert advice by the game dealers representative that current 
food labeling on game meat products may warn consumers that the product “may contain shot” 
without reference to lead, and to prevent damage to teeth. This therefore has no reference to health 
risks from exposure to lead. 
 
UK Government provides guidance on food labeling87.  Any warning would clearly be led by FSA as 
a cross-departmental issue involving devolved administrations. Any warning connected with 
frequency of consumption would arguably need to be justified by risk assessment and, arguably, 
neither the FSA 2012 risk assessment and guidance, nor the human health risk assessment 
contained in this report, are sufficient to indicate what frequency of consumption among vulnerable 
groups might give rise for concern i.e. result in some consumers being exposed at or beyond the 
EFSA reference points. Although it might be possible to derive such a frequency for gamebirds shot 
with lead pellets, because all the products are from wild-shot game, part of the problem would 
appear to be that a significant proportion of marketed venison is from farmed or imported deer.   
 
The Main Committee has identified that a detailed discussion needs to be taken up with FSA in the 
first instance once this report has been submitted. 
 
At the moment therefore, food labeling cannot be gauged as a mitigation option.  
 
 

Quality assurance  
 
Three currently proposed mitigation options fall under a heading of quality assurance:  
 

1. For any game dealer or butcher (in England and Wales only) selling wildfowl to be able to 
identify the source of those wildfowl, before it has been processed. 

 
2. For Defra/appropriate agencies to conduct spot checks on pre-processed wildfowl and to 

consider prosecution of the person who supplied any wildfowl containing lead. 
 

3. Outlaw of sale of gamebird meat shot with lead ammunition 
 
The first two options have been driven by improving compliance with the 1999 regulations but 
mutatis mutandis could be applied more widely.  
 
Current regulations already require compliance with the Wild Game Guide (see Food Standards 
Agency 2014) which is intended to assure the safety of wild game supplied for human consumption 
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  https://www.gov.uk/food-labelling-and-packaging/food-and-drink-warnings 
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in the UK, the EU or elsewhere are set out in Regulation (EC) 852/2004 and Regulation (EC) 
853/2004 (the EU food hygiene Regulations). The requirements differ depending on how the game 
is supplied but embed the principle of traceability. This guidance explains the rules that apply in the 
different situations in which wild game may be supplied for human consumption.  
 
There is no available evidence whether “trained hunters” fulfill their inspection and quality control 
duties on shoots, or on compliance with traceability requirements to British game suppliers, 
processors and retailers. It is improbable that FSA would be willing or able to take on new and 
expanded inspection to check on lead levels in game supplied to the general public. Improvements 
in supply chain quality control therefore look improbable if unfeasible in UK. 
 
 

Firearms certificates 
 
It has been suggested, in connection with improving compliance with existing regulations for 
wetlands and shooting wildfowl, that Chief Constables might consider convictions resulting from any 
prosecutions resulting from the illegal use of lead ammunition in that context, when considering 
suitability to hold a shotgun certificate; and to consider the provisions of the general licence may not 
apply to people so convicted. 
 
 

Cross compliance  
 
Add violation of the Lead Shot regulations to the list of cross-compliance rules. 
 
 

Conclusions on mitigation  
 
The current regulations restricting the use of lead shot in wetlands and for shooting wildfowl do not 
address the wider risks to the species of wildfowl feeding outside wetlands, or to other birds and 
wildlife outside wetlands. 
 
Even if these regulations were 100% effective in UK, and throughout the flyways, a key risk to 
scavenging or raptor species derives from sedentary gamebird species such as pheasants and 
partridges. 
 
Key human health risks derive from small game and deer venison and neither of these is mitigated 
by the wetland regulations.  
 
There is little or no information available on ammunition home-loading in UK and the risks cannot be 
quantified, but it is likely that the attendant health risk exists and certain that it would not be 
mitigated by existing regulations.  
 
Risks associated with clay target shooting grounds and rifle ranges have the potential to be 
mitigated by ground and range management practices, but occupational risks for ammunition 
industries and the preventative and other mitigation costs would be removed by replacing lead; 
though perhaps replaced by other risks attaching to measures required by new technologies. There 
has been no information made available to the Group to indicate the level of clay ground and target 
range management, across the spectrum of facilities currently in operation, from the large and full-
time establishments, to the small and occasionally-used. 
 
The lack of reliable quantification does not make it possible to construct a mitigation cost curve. 
Problems for wildfowl are important but involve only a small proportion of live quarry shooting. Small 
game shooting, other than wildfowling, is arguably associated with lesser risks; but lead from the 
ammunition used still affects large numbers of birds and involves the dispersal of much more lead 
shot into the environment than is dispersed in the course of wildfowling. Health risks are associated 
with both small game and deer venison. Clay shooting disperses a large amount of lead but its 
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attendant risks to livestock and local wildlife have more potential to be managed or are of lesser 
degree.  
 
It is a matter of judgment whether the cost of mitigating risks to other wildlife and human health, 
other than to the limited extent already addressed by the existing regulations, and assuming that 
compliance can be shown to improve, merits the cost of further mitigation effort. If it is decided that 
the risks to children and adults and to other wildlife and the environment need to be better 
addressed, there is no convincing evidence that anything other than an eventual phase out of lead 
ammunition and phase in of alternatives will do it. 
 
At the time of writing this report the stakeholder interest groups are sharply divided on this 
possibility.  
 
One camp takes the view that the risks from lead ammunition are not sufficiently proven, or large 
enough, to justify further restrictions, regulation or the replacement of lead ammunition; and 
moreover that banning lead ammunition involves risks and, arguably, insufficiently tested 
assumptions that could have damaging implications for shooting sports and the rural economy. 
Their particular concerns are that the evidence, indicating the need for replacement of lead 
ammunition, falls short of providing irrefutable proof of causal links between lead ammunition and 
the stated health effects and wildlife impacts; and is biased and motivated by its advocates’ dislike 
of live-quarry shooting sports particularly.  
 
The other camp takes a contrasting view, namely that there is, nowadays, a substantial and 
compelling body of evidence for the impacts of lead as a toxin, especially in recent years at very low 
exposure levels, and in particular from lead ammunition, for both human health and wildlife. This 
evidence derives from a global range of reputable scientific, medical and veterinary and public 
health disciplines, which has been independently risk-assessed by a number of government public 
health and wildlife agencies. The possible extent of the risks and impacts is almost certainly wider 
and deeper than the research studies so far done in UK may reveal. The effects work invisibly at 
very low exposure levels and, to further complicate things, in combination with other low-level toxic 
exposures to which the individual may also be unknowingly subjected. These effects are cumulative 
for humans, wildlife and the environment. Since replacements for lead ammunition are available, at 
relatively little cost, and have been used successfully in other countries, and furthermore other less 
radical mitigation options appear not, so far, to have worked (or are an unknown quantity), it is 
prudent to envisage and plan for the eventual phase-out of lead ammunition and the phase-in of 
replacements.   
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Conclusions and advice: addressing the risks 
 
It is not the place of this report to judge between the above-mentioned camps: it is a matter for 
statutory agencies and Government. But the following questions and answers arise:     
 

a. Is lead poisonous?  

Yes, lead is a highly toxic hazard and presents risk at all levels of exposure. It is especially 
dangerous as a neurotoxin for both young people and for wild animals. 

 
b. Is much ammunition lead being dispersed irretrievably into the environment? 

Yes, some 6,000 tonnes a year in UK. The lead is deposited on or close to the soil surface 
where it is available for ingestion by birds. It probably becomes unavailable to them quite 
quickly, though it remains in the soil and substrates for a long time with as yet unknown 
consequences. 

 
c. Is there evidence that lead is getting into wildlife? 

Yes, it can (and does) by several routes, mainly by ingestion by many species of bird in 
mistake for grit or food items, or in scavenged dead animals, or as the prey of some raptors. 
In areas of intensive shooting lead is taken up by some plants and soil microfauna getting 
into the food chain, but the research studies that have been done on this latter route are 
limited. 

 
d. Does it cause harm? 

Yes, it certainly kills some birds. Numbers are hard to be certain about, but almost certainly 
at least tens of thousands to hundreds of thousands annually in UK. The welfare effects in 
these animals and the larger numbers that ingest sub-lethal doses are sufficient to cause 
illness and can be very severe and prolonged for them. 

 
e. Can lead shot and bullet fragments be present in game meat at levels enough to cause 

significant health risks to children and adult consumers, depending on the amount of game 
they consume?  

Yes, almost certainly, some 10,000 children are growing up in households from the game 
shooting community, where they could regularly be eating sufficient game shot with lead 
ammunition to cause them neurodevelopmental harm. Tens of thousands of adults are also 
exposed to additional lead by eating game as part of their normal diet lead exposure, and 
this could cause them a range of low level but harmful health effects, which they will not be 
aware of. 

 
f. Will current restrictions on lead in wetlands and for shooting wildfowl address the risks 

effectively?   

No, because it is now known not to be just a wetland problem, and compliance with current 
regulations appears to be low in UK anyway, as well as far from complete in other countries 
along the flyways of wildfowl. 

 
g. Will publicity and education on their own mitigate the health risks?  

Unlikely. Publicity has so far had little or no measurable effect on compliance with existing 
regulations. There is no evidence that existing advice has affected game eating habits.  

 
h. If compliance with the wetland regulations were 100% and game meat food-chain standards 

backed by testing could guarantee that game was not being placed on the market with lead 
levels above those recommended for red meat and poultry, would that be sufficient? 

Perhaps, though the raptor/scavenger problem would remain as would that for terrestrial 
birds and wildfowl that feed over terrestrial habitats. It would go some way to solving the 
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main problems. But there is currently no indication that the will, practical means or resources 
for additional testing exist to make this happen. 

  
i. Are safer alternatives to lead ammunition available that would remove all the problems in 

one go? 

Yes, there is considerable experience from other countries where the change has already 
been made. There are issues to sort out and time would be needed for any phase out/phase 
in - and it would be hugely controversial and resisted to start with – but changes could be 
made quite quickly and at relatively low cost with obvious benefits to wildlife, human health, 
the image and reputation of shooting sports, secure game markets, and a new platform for 
dialogue to solve other conservation, emerging wildlife health and land-use issues. 

 
j. Does the phase-out of lead ammunition have any significant drawbacks?  

No, or at least, none that carry the same scale of risks as continuing use of lead, and there 
are procedural, technical and R&D issues still to work on and resolve. 

 
 

Options for managing the risk to human health 
 
There is no convincing evidence on which to conclude that other options, short of replacement of 
lead ammunition, will address known risks to human health, especially child health. The Register of 
Risks and Mitigation illustrates this. 
 
For venison (and now wild boar), establishing hunter standards and best practice for carcass 
handling and meat preparation, backed by food chain monitoring of lead levels would be desirable 
but regrettably look improbable if not unfeasible in UK for economic and practical reasons. 
 
For small game, no proposals have been made to the Group for any measure, short of lead shot 
replacement, that would ensure that small game entering the food chain do not have elevated lead 
concentrations.  
 
 

Options for managing the risks to wildlife 
 
There is no evidence on which to conclude that existing regulations yet address their principal 
objective of protecting wetlands and wildfowl.  
 
There is therefore no convincing basis to conclude that existing regulations help to manage or 
mitigate the wider known risks in other habitats and wildlife, including welfare considerations.  
 
Whatever the wildlife impacts are today, the problems as well as public awareness of them will 
increase in the medium and longer-term future. 
 



  ACTION PLAN 

83 

Action plan 
 
An action plan to address the foregoing conclusions, covering the subheadings below, cannot be 
developed without either further discussion and agreement among all stakeholders to vigorously 
address industry-led self-regulation of shooting sports; or alternatively, a clear directive from Defra 
and FSA requiring such self-regulation, or developing statutory and regulatory measures.  
 
If either of the above routes is decided upon the following headings for further work are prompted by 
Green Leaves III: 
 

 Risk management strategy 
 

 Regulations and enforcement 
 

 Standards and best practice 
 

 Communications and awareness raising 
 

 Impact assessment 
 

 Responsibility for residual risk 
 

 Surveillance and monitoring 
 

 Communication of progress 
 

 Other 
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