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Risks from Lead Ammunition and Mitigation Measures  

A Summary of the Scientific Literature 2023-2025  

  

Appendix to 2025 Open Letter from European and other concerned global scientists on Draft 

Commission Regulation amending Annex XVII to Regulation (EC) No 1907/2006 (REACH) as 

regards lead in ammunition and fishing tackle1  

This Appendix provides a supplement to the ECHA documentation published in December of 

2022 and the 2023 Open Letter (and Appendix) from concerned scientists and comprises a 

summary review of science published between October 2023 and October 2025  

  

 
1 As originally described in February 2025 as Draft Implementing Act D105447/01 published by the 

European Commission in response to the proposal by ECHA for a restriction on the placing on the 

market and use of lead in outdoor shooting and fishing. As of November 2025, described as Draft 

Implementing Act D105447/03, Commission Regulation (EU) …/… of XXX amending Annex XVII to 

Regulation (EC) No 1907/2006 of the European Parliament and of the Council concerning the 

Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) as regards lead in 

ammunition.  

 

https://europeanscientists.eu/the-2025-open-letter/
https://europeanscientists.eu/the-2025-open-letter/appendix-to-2025-open-letter/
http://www.europeanscientists.eu/the-2023-open-letter/
http://www.europeanscientists.eu/the-2023-open-letter/appendix-to-2023-open-letter/
https://ec.europa.eu/transparency/comitology-register/screen/documents/105447/3
https://ec.europa.eu/transparency/comitology-register/screen/documents/105447/3
https://ec.europa.eu/transparency/comitology-register/screen/documents/105447/3
https://ec.europa.eu/transparency/comitology-register/screen/documents/105447/3
https://ec.europa.eu/transparency/comitology-register/screen/documents/105447/3
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Key points from the scientific literature 2023-2025 
 

Risks 
Human health 
• The European Food Safety Authority (EFSA) estimated chronic dietary exposure to lead (from all 

sources) in the European population. Due to very elevated lead concentrations in some game 

meat samples, one scenario for high consumers of game meat (adults and adolescents over 10 

years old) showed an up to six- fold higher exposure to dietary lead than for the total 

population. 

• In a UK study, the mean lead concentration in meat from wild-shot Pheasant carcasses from 

which lead shot had been recovered was 21 times the EUML2 for meat from farmed animals and 

30 times that of Pheasant meat from which steel shot had been recovered. Similarly elevated 

lead concentrations were found in studies of tissues of hunted game animals in Sicily and 

Sardina. 

• In a New Zealand study, 48% of hunter-provided game meat had lead concentrations above the 

USFDA daily benchmark reference value (IRL) for children3. This included some samples with no 

ammunition fragments detected using medical X-ray. As medical X-ray is frequently used to 

detect lead fragments in meat donated to food banks, some lead-contaminated game meat may 

go undetected. Lead concentrations considerably exceeding the US IRL were confirmed in some 

samples of donated game meat in a New York (USA) study. 

• Using high resolution (synchrotron-based) X-ray analysis, one study showed, for the first time, 

that tissues from a wild game bird and a deer harvested with shotgun and bullet ammunition 

respectively contained lead micro- and nanoparticles. The mass of lead detected in sub 0.1 mm 

diameter fragments, below the limits of medical radiography, suggested that potentially harmful 

amounts of lead present as small fragments may commonly exist even when larger fragments 

are not observed in medical radiographs of the same sample. The presence of numerous micro 

and nano particles is important as a higher proportion of lead from small than large particles is 

likely to be absorbed from the digestive tract4, as discussed in another recent paper. 

• Isotopic analysis identified water and lead ammunition as the probable main sources of lead 

exposure in a remote indigenous community in the northeastern Peruvian Amazon who had 

been found to have elevated blood lead (BPb) levels. 

• One study found competitive biathletes (cross-country skiing and rifle shooting) in Canada had 

significantly higher mean BPb than cross-country skiers. 

• In one USA study, BPb levels were higher in civilians who reported the highest levels of firearm 

use than in those reporting less frequent use. In another study, a positive association was found 

between elevated child BPb and household firearm ownership. The need for additional 

confirmatory research was highlighted. 

• Negative human health impacts associated with low, including the lowest measurable, BPb 

concentrations have been further highlighted, along with the critical importance of population 

strategies for eliminating lead poisoning. 

 

 
2 0.1 mg/kg w.w. for meat (muscle tissue) from poultry, pigs, sheep, cattle (EU 2023) 
3   The FDA IRLs for lead serve as a benchmark to evaluate whether lead exposure from food is a potential concern.  

Flannery, B.M. and Middleton, K.B., 2022. https://doi.org/10.1016/j.yrtph.2022.105202  
4 This is due to the higher rate of solubilisation of lead from small particles related to their relatively higher surface area to 
volume ratio, as discussed by Pain et al. (2025) 

https://eur-lex.europa.eu/eli/reg/2023/915/oj/eng
https://doi.org/10.1016/j.yrtph.2022.105202
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Health of livestock, captive and companion animals 
• Raw petfood is frequently minced and one experimental study found that the mincing process 

causes fragmentation of lead shot in meat. In another study, lead concentrations above the EU 

maximum level permitted for general animal feed (EUML-AF)5 were reported in commercial 

“bones-and-raw-food” dog food made from wild game meat and offal sold in Austria. This 

supports previous results from the UK and highlights risks to companion animals.  

• Cases of lead poisoning mortality associated with ammunition exposure were reported in a 

study of cattle in Norway and another study involving a captive Cheetah in Namibia. 

 

Health of wildlife 
• Studies have reported elevated tissue lead concentrations in wild mammals that scavenge, 

including in several species in which this has not previously been reported. Several studies 

reported associations with hunting, i.e., more frequent occurrence of elevated tissue lead 

concentrations in hunting than non-hunting areas, and a positive association between elevated 

tissue lead and hunting frequency. One study from Switzerland reported generally low liver lead 

concentrations in dead Eurasian Lynx. 

• Lead exposure has been shown to occur in nearly all raptor taxa, with ammunition the primary 

source, and reports of elevated tissue lead concentrations in raptors continue both within and 

beyond Europe. 

• In Spain, data on the prevalence of lead shot in regurgitated Eurasian Griffon Vulture pellets is 

consistent with previous research finding that about half of free-ranging Griffon Vultures have 

elevated BPb concentrations at any one time. 

• Lead exposure has been associated with an increasing number of negative sub-lethal effects in 

birds in experimental and/or field studies including effects on the blood and nervous systems, 

immune function, fitness and behaviour. 

• Lead poisoning was reported to have killed Sandhill Cranes in the USA following soil 

redistribution in a wetland where hunting was previously practiced. Due to increased availability 

of legacy lead shot to feeding birds in such areas, mitigation approaches may be needed to 

supplement regulation. 

 

Mitigating Risks 
Non-lead ammunition 
• Additional studies on ammunition types have reported that: copper bullets were effective for 

hunting large game (Elk), with hunter skill and shot distance being key factors; in a comparison 

of factory vs. handloaded lead-free bullets, factory ammunition offered appropriate precision 

for big-game hunting that could occasionally be improved by handloading; in a test of two lead-

free vs  two lead 22lr ammunition types for sport (target) shooting, performance of the lead-

free bullets was inferior. 

 

Efficacy of mitigation actions 
• Partial regulation of lead shot was poorly complied with: Monitoring reported poor compliance 

with national legal bans on the shooting over wetlands using lead shot in the Camargue, France 

(2006 ban) and Scotland (2004 ban), and compliance with the legal ban on the shooting of 

 
5 10 mg/kg w.w for feed and complementary feed; 5 mg/kg for complete feed (12% moisture content).  Commission 
Regulation (EU) 2019/1869, https://eur-lex.europa.eu/eli/reg/2019/1869/oj  

https://eur-lex.europa.eu/eli/reg/2019/1869/oj
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wildfowl with lead shot in England (from 1999) remained poor until the most recent survey 

(2021/22 season). 

• A five-year voluntary transition from lead to non-lead shot did not work: Monitoring of shot 

types used to kill terrestrial gamebirds in Great Britain found that a voluntary complete 

transition phased in from 2020-2025 on the use of lead shot for hunting, proposed by shooting 

organisations, did not result in a substantial reduction in the use of lead shot for hunting 

gamebirds. 

• In the Canary Islands, Spain, BPb in Egyptian Vultures declined from 1999 to 2022 in association 

with a decline in hunting pressure and a 2010 ban on the shooting of rabbits with shotguns. 

Nonetheless, some birds still had elevated BPb, highlighting the need for broader restrictions. 

• Grit supplementation in the Ebro delta, Spain, appeared to be a partially effective supplement 

to a lead shot ban in wetlands, associated with a reduction in the prevalence of shot ingestion in 

some species. 

• A population modelling study predicted further declines in the California Condor population 

(USA) without reductions in the availability of lead ammunition and population reinforcement, 

but population increases with reductions in lead ammunition pollution.  

 

Policies, perceptions and economics 
• A number of measures have been identified to help monitor and mitigate risks from 

contamination of wild game meat by ammunition-derived lead.  In Japan, one study reports on 

the growth of online consumer-to-consumer trade for wild game meat and the need for 

guidance and regulation to ensure hygiene standards and traceability and enable contaminant 

monitoring. In South Africa, a study suggested measures to mitigate the risks presented by lead 

ammunition including transitioning to the use of lead-free ammunition and adoption of 

maximum levels of lead in harvested game meat. 

• Studies highlighted: the harmful nature of lead, regardless of exposure level; the paradox that 

lead ammunition is still used, given the widespread availability of alternatives for most types of 

weapons; the risk that ammunition-derived lead presents to brand of game meat as a healthy 

alternative to other meats. 

• A UK environmental economics survey found strong public support for lowering the risk of lead 

contamination from ammunition to people and the environment. 

 

Harmonizing global health and environmental protection 
• In 2024 Denmark banned lead bullets6, making it the first country to ban all lead ammunition. In 

July 2025 the UK government announced that (beyond limited exemptions) lead shot and 

bullets will be banned and published a draft regulatory amendment. One study highlighted the 

unprecedented opportunity in Europe to protect children’s and wildlife health from the toxic 

effects of lead ammunition through an EU REACH ban of lead ammunition and the setting of an 

EUML for lead in game meat. 

• The ECHA Risk Assessment Committee’s strong recommendation that an EUML be set for lead in 

game meat received strong support from academic and national agency sources as a health-

protective stand-alone measure and a useful complement to a lead ammunition ban under 

REACH regulation, to help monitoring and enforcement. EU ‘‘One substance, one assessment’’ 

chemicals reform, provisionally agreed between the European Parliament and the Council in 

June 2025 should facilitate inter-agency liaison on this and other issues. 

 
6 Excluding rimfire calibres. 

https://www.gov.uk/government/news/toxic-lead-ammunition-banned-to-protect-britains-countryside
https://assets.publishing.service.gov.uk/media/686ce203a08d3a3ca3b6787d/Draft_amendment_for_lead_in_ammunition_restriction.pdf
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6413
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6413
https://environment.ec.europa.eu/news/eu-institutions-agree-streamline-chemical-assessments-europe-2025-06-13_en
https://environment.ec.europa.eu/news/eu-institutions-agree-streamline-chemical-assessments-europe-2025-06-13_en
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• The 2024 revision of the Codex Alimentarius, (the international ‘‘Food Code’’ adopted within 

the Joint FAO/WHO Food Standards Programme) General Standard for Contaminants and Toxins 

in Food and Feed still did not include a maximum level for lead in game meat, despite the Codex 

Alimentarius Commission recognising this source of lead contamination in its Code of Practice 

for the Prevention and Reduction of Lead Contamination in Foods 

• An urgent need has been highlighted for EU and UK authorities to develop a system for formal 

approval of non-lead shot types that can legally be used, or to adopt the system that already 

exists in the USA and Canada, to avoid the replacement of lead shot with potentially-toxic 

alternative materials. 

 

Literature review methods and notes   
This literature review was conducted to summarise relevant information published over the two-year 

period between the 2023 Open Letter of the “European and other concerned global scientists” and its 

Appendix (October 2023) and October 2025. This is intended to supplement information included 

within the ECHA restriction proposal  on the placing on the market and use of lead in projectiles (for 

firearms and airguns), and in fishing sinkers and lures for outdoor activities and other major reports. 

Background information is provided in numerous reviews, reports, risk assessments and collated 

research materials. Bullet points summarising key background information are provided, and major 

reports referenced, in the Annex to this Appendix. 

We found relevant scientific literature in the following ways: 

(1) searching published literature highlighted in informal email exchanges between a global network 

of c. 100 lead scientists 

(2) using the Google Scholar search engine https://scholar.google.co.uk/. Various combinations of 

following words or terms were used, and the search was constrained to research published 

between 2023 and 2025:  

• Lead, ammunition, shot, bullet, poisoning, bird or mammal or reptile or animal  

• Non-lead, non-toxic, shot, bullet, ammunition  

• Lead, ammunition, human health, blood lead  
• Policy, regulation, lead, ammunition  

This document focusses on studies of direct relevance to the current restriction proposal in the EU and 

does not attempt to summarise all of the global literature on lead poisoning. Similarly, information on 

military use of lead ammunition and on indoor firing ranges was excluded where not also relevant to 

civilian use. For consistency, information that had not been peer-reviewed and accepted for 

publication (e.g., pre-prints and theses) at the time of review was excluded, although these are likely 

to contain additional relevant and useful information. 

The summary below is intended to be an accessible synthesis of the literature review, incorporating all 

key areas. However, it may not be completely comprehensive as the search may have missed some 

references.   

https://www.fao.org/fao-who-codexalimentarius/sh-proxy/fr/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/fr/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B56-2004%252FCXC_056e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B56-2004%252FCXC_056e.pdf
http://www.europeanscientists.eu/the-2023-open-letter/
http://www.europeanscientists.eu/the-2023-open-letter/appendix-to-2023-open-letter/
https://echa.europa.eu/documents/10162/14c4fceb-31b4-aea2-a9b5-75cdccf8013f
https://echa.europa.eu/documents/10162/14c4fceb-31b4-aea2-a9b5-75cdccf8013f
https://echa.europa.eu/documents/10162/14c4fceb-31b4-aea2-a9b5-75cdccf8013f
https://echa.europa.eu/documents/10162/14c4fceb-31b4-aea2-a9b5-75cdccf8013f
https://echa.europa.eu/documents/10162/14c4fceb-31b4-aea2-a9b5-75cdccf8013f
https://scholar.google.co.uk/
https://scholar.google.co.uk/
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Summary of the Scientific Literature related to lead 

ammunition 2023-2025 

Risks from lead ammunition 

Lead effects are independent of source thus we have included examples of sub-lethal health effects 

associated with any type of lead exposure but have made clear when this work was directly associated 

with research involving lead ammunition. 

Human health 

Europe  

At the request of the European Commission, the European Food Safety Authority (EFSA 2025) 

estimated the chronic dietary exposure to lead (from all sources) in the European population. This 

updated the results of an EFSA 2012 assessment. The highest mean lead occurrence was observed for 

‘Meat and meat products’, and this was strongly affected by extreme lead concentrations found in 

meat from game mammals. Gamebirds (hunted wild bird species) were not included in the analysis 

except, potentially, for 21 Mallards Anas platyrhynchos, of which we do not know the origin (i.e., 

whether wild or domestic). A set of extremely high lead levels for the three species of large game 

mammals were retained in the data set under one exposure scenario, (A), as they appeared clustered 

in an almost normal distribution clearly separated from the main distribution of occurrence data, thus 

were considered part of a distinct population of food items, with lead levels probably resulting from 

lead ammunition. Under another scenario (B), all extreme values for meat from large game mammals 

(n=90 of 13,065; 0.7%) were excluded. An exposure scenario for high consumers of meat from game 

animals showed six- fold higher exposure to dietary lead compared to the total population when the 

extreme lead levels were included. Even when extreme lead levels were excluded, exposure remained 

⁓30% higher than the total population estimates. 

Green et al. (2024a) compared mean lead concentrations in meat from wild-shot Pheasants Phasianus 

colchicus from which either lead (n = 27; mean = 2.10 mg/kg w.w.) or steel (iron) (n = 20; mean = 0.07 

mg/kg w.w.) shotgun pellets were recovered, having removed all pellets before analysis. The results 

indicate that the use of steel rather than lead shotgun ammunition for hunting would substantially 

reduce the concentration of lead in meat from wild-shot small game animals and associated dietary 

lead exposure to consumers. Cammilleri et al. (2024) found mean muscle lead concentrations of 0.17 

mg/kg w.w. (n=47) in Woodcock Scolopax rusticola shot in Sicily, with 23% of samples exceeding the 

EUML for lead in farmed animals (0.1 mg/kg w.w.). Mehmood et al. (2025) analysed lead 

concentrations in thigh muscle (from tissue not obviously damaged by bullet wounds) from 44 Wild 

Boar Sus scrofa hunted in Sardinia. The mean lead concentration was 2.67±11.74 mg/kg d.w.  (max 

85.76). The mean lead concentration was higher in liver tissue 6.70±34.87 mg/kg d.w. (n=53, max 

251.19). The origin of the lead was unknown7.  

In Sweden, Bjermo et al. (2025) analysed concentrations of a range of harmful metals in foods using a 

basket study aimed at estimating average food intakes of the general population. They found that 

estimated lead intakes were below health-based guidance values, which partly disagreed with BPb 

 
7 While not highlighted by the authors, Wild Boar are facultative scavengers and frequently scavenge from 
carcasses and gut piles in Spain thus may be exposed to dietary lead from ammunition (Vincente et al. 2011). 
This, along with shot-in fragments from bullets are among potential sources of lead that may have contributed 
to the elevated liver lead concentrations. 
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levels measured in previous studies. This suggested that there may be other important sources of lead 

exposure – not associated with exposure typical of the basket study. 

Beyond Europe 

Leontowich et al. (2025) presented images of rifle and shotgun wounds in tissue from butchered 

carcasses of a deer shot from 100m using a copper-jacketed lead core bullet, and a grouse shot from 

20m using number 6 lead shotgun ammunition.  They used synchrotron-based X-ray analysis which 

can detect particles far smaller than can traditional medical radiographs (the latter being roughly 

millimetre/sub-millimetre). Using synchrotron-based X-ray, the authors detected micro- and nanoscale 

fragments, identified as lead using X-ray absorption and emission spectroscopies. This research 

showed for the first time that tissues of wild game harvested under typical hunting conditions can 

contain lead micro- and nanoparticles, and that this can be the case when both lead rifle or shotgun 

ammunition is used. In the deer and grouse samples, the mass of lead fragments smaller than the 

resolution limit of medical radiography exceeded the IRL (set as a benchmark to evaluate whether lead 

exposure from food is a potential concern2) for dietary lead set for children by factors of 909 and 60 

respectively. It was suggested that it may be common that harmful amounts of lead exist as sub 0.1 

mm diameter fragments within game meat harvested with lead ammunition, even when larger 

fragments are not observed in medical radiographs of the same sample.  

IRLs for dietary lead are 2.2 µg/day for children and 8.8 µg/day for females of childbearing age3.  Buenz 

et al. (2024) analysed game meat provided by hunters in New Zealand using medical X-radiogaphy and 

inductively-coupled plasma mass spectrometry (ICP-MS). ICP-MS analysis found that 48% (21/44) of 

samples exceeded the IRL for children and 27% (12/44) exceeded the IRL for females of childbearing 

age (assuming consumption of one meal of game meat in a day). Some samples in which no lead 

particles were detected by X-ray had lead concentrations detected by ICP-MS that would exceed the 

IRLs. As conventional X-radiography is the main method used to detect lead fragments in meat donated 

to food banks, the potential exists for lead-contaminated game meat to be included in such donation 

programmes. Nye et al. (2025) examined 59 ground venison samples from donations to food banks 

and pantries (New York State, USA). Samples underwent X-radiography and subsamples from 20 

packets were analysed quantitatively (using ICP-AES). Nineteen percent (11/ 59) of packages were 

confirmed to contain metal fragments via radiography and/or lead via ICP-AES. Some package 

subsamples had lead concentrations considered to be of public health concern (ranging from 0.38 to 

135.7 mg/kg d.w. [0.08-27.1 mg/kg w.w.]). Mason et al. (2025) found that 83 wild meat donation 

programmes in the USA included provision to consumers of 870 metric tons of wild-harvested meat.  

Total USA donations are estimated to be >1,000 metric tonnes annually (Nye et al. 2025). 

Hampton et al. (2023) used X-radiography to examine lead-based bullet fragmentation in 33 deer from 

a culling programme in Australia. The mean number of fragments was 256 (7-629), 74% of fragments 

were <1.0 mm2 and the mean fragment coverage area (the smallest ellipse covering all fragments) was 

325 cm2. Fragments were found in 36% of loin and 42% of shoulder muscles. The results suggest that 

the use of lead-based bullets for deer-shooting in Australia poses risks to wildlife scavengers and 

human consumers. 

Mayor et al. (2025) found high BPb levels (median 11.74 µg/dl) in a remote indigenous community in 

the northeastern Peruvian Amazon. BPb was ≥ 5 µg/dl in 95.8% of children under 12 years old and 

94.5% of adults. Sampling for lead and lead isotopic analysis of blood, soil, water, livers from game 

meat and ammunition, fish and lead rods used to make fishing nets revealed that both water and lead 
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ammunition were the main sources of lead. Liver lead concentrations in game animals were high with 

a geometric mean of 7.0 mg/kg d.w. and a maximum value of 199.44 mg/kg d.w.8  

Turmel et al. (2022)9 found significantly higher mean BPb in competitive biathletes (N=11) in Canada 

than cross-country skiers (N=12), i.e. 2.15 [95% CI, 1.37–2.94] µg/dL vs. 0.85 [0.81–0.89] µg/dL, and 

one biathlete had a BPb >6 µg/dL. Hoover et al. (2024) investigated whether state-level prevalence of 

elevated BPb in children under six years of age was positively correlated with household firearm 

ownership (as a proxy for firearm-related lead exposure), along with other factors associated with lead 

exposure, across 44 USA states. They found that each IQR (14%) increase in household firearm 

ownership rate was associated with a 41% higher prevalence of childhood elevated BPb (prevalence 

ratio: 1.41, 95% CI: 1.11-1.79). The authors conclude that these data provide state-level evidence that 

firearms, or other variables positively associated with firearms ownership, may be an important source 

of child lead exposure, but that more research is needed to identify the mechanisms underlying the 

correlation. Dietary exposure to ammunition-derived lead is a possible mechanism and it is noteworthy 

that the existence of this relationship in young children probably precludes the use of firearms or 

handling of ammunition by the children themselves as a plausible mechanism. Kinally et al. (2025) 

systematically reviewed the post-2000 literature and examined 39 studies with sample sizes >100 that 

attribute BPbs to specific sources of lead exposure. The authors reported on three studies in which 

increased BPb was associated with the consumption of game shot with lead ammunition. However, 

for studies in general, the statistical power of the attributional studies to detect relationships with BPbs 

was often limited. The lack of data on the level of contamination of consumer products and foodstuffs 

and the need for both additional studies with high statistical power and regulation of lead in consumer 

products and industrial pollution were highlighted. In the USA, Day et al. (2025) found that, from a 

representative sample of USA civilians aged 20-69, those who reported using firearms more frequently 

(10,000+ rounds ever fired) had higher blood lead concentrations than those who reported never or 

less frequently using firearms, although the sample size in the frequent-firing group was small, which 

limited statistical precision. 

Non-ammunition lead 

New evidence of sub-lethal effects of lead exposure includes: a significant association between BPb 

and attention-deficit-hyperactivity disorder (ADHD). Case group and control groups had average BPb 

levels of 4.09 μg/dL (SD = 5.7) and 3.36 μg/dL (SD = 4.25) respectively (Rosenauer et al. 2024); a 

notable contribution of lead exposure to stroke risk, based on an analysis of BPb in US National Health 

and Nutrition Examination Surveys (NHANES) data from 2011 to 2018 (He et al.2024); a systematic 

review of epidemiologic evidence in 92 studies provided evidence for a strong link between prenatal 

lead exposure and preterm births and highlighted an urgent need for screening for lead exposure 

during pregnancy and targeted exposure-reduction interventions (Eaves et al. 2025); a systematic 

review of studies assessing individual-level exposures to lead and the outcomes of crime and antisocial 

behaviour traits suggested, in conjunction with the available biological evidence, an association 

between excess risk for criminal behaviour in adulthood and exposure to lead in utero or in the early 

years of childhood (Talayero et al. 2023); analysis of data from a longitudinal study (Strong Heart Family 

Study -SHFS) where analysis of blood samples taken from 285 SHFS participants in 1997 to 1999 and 

 
8 Lead in muscle tissue was not analysed, and concentrations of embedded ammunition-derived lead can be 

extremely high. Information was not provided about whether liver tissue analysed was distant/free from 

ammunition damage, so elevated liver lead concentrations may have resulted from shot-in lead fragments 
and/or biologically incorporated lead. 

9 This reference from 2022 has been included as it was missed during the previous review of 2020 -2023 
literature. 
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2006 to 2009 revealed that even small (0.1–1.0 μg/dL) declines in BPb in American Indian adults were 

associated with reductions in systolic blood pressure. This was against a baseline of already relatively 

low BPb (mean for all participants 2.04 μg/dL; means of 1.33 and 3.21 μg/dL for the lowest and highest 

BPb tertiles respectively) (Lieberman-Cribbin et al. 2024); combination of BPb data from the US 

NHANES with historic leaded-gasoline data to estimate US childhood BPbs from 1940 to 2015 and 

calculate population mental-health symptom elevations from known lead-psychopathology 

associations. Assuming that published lead-psychopathology associations are causal and not purely 

correlational, the authors estimated that by 2015, 151 million excess mental disorders were 

attributable to lead exposure and that the potential contribution of legacy lead exposures to 

population health may be far larger than previously assumed. (McFarland et al. 2024). This is a non-

comprehensive snapshot of new evidence available associating health effects with low level chronic 

lead exposure, especially in childhood. 

Lanphear et al. (2024) reviewed lead poisoning in people, highlighting health impacts associated with 

low, including the lowest measurable, blood lead concentrations. Given continuing ubiquitous 

exposure the authors stressed the critical importance of population strategies for eliminating lead 

poisoning. 

 

Livestock, captive and companion animals 

Europe 

Raw pet food is frequently minced and Lentsch et al. (2025) found experimentally that the meat 

mincing process can influence the integrity of lead shot present, resulting in the production of large 

and small lead fragments. Under the mincing conditions used, 0.3–16.2 % of the shot’s initial weight 

was distributed in particles less than 50% of the initial shot size. Radio-dense metallic particles of 0.1-

1mm in size were frequently observed. Light grey dots <0.1 mm in size could not be identified visually 

but were visible in all samples that underwent X-radiography. The presence of small particles is 

relevant because a higher proportion of lead from small than large particles is likely to be absorbed 

from the digestive tract4. Paulsen et al. (2024) examined 47 packages of commercial “bones-and-raw-

food” (BARF) dog food made from wild game meat and offal sold in Austria. They concluded that the 

lead concentrations and the presence of metal particles in their samples indicate a feed safety issue. 

The maximum permitted lead concentration in general animal feed (EUML-AF for animal general feed, 

10 mg/kg w.w.) was exceeded in 11%10 of samples. 

Arnemo et al. (2025a) described an incident where a herd of 31 suckler cows was exposed to lead at a 

private biathlon shooting range. Five calves died or were euthanised within 4-6 days. BPb levels in two 

of the calves were 125.7 and 99.4 μg/dL. Five weeks after exposure, 15 of 21 animals had elevated BPb 

concentrations. In seven animals the concentrations were at or above the lead threshold for 

slaughtering, 10.0 μg/dL, set by the Norwegian Food Safety Authority. Blood samples taken 9, 13 and 

18 weeks after exposure indicated that six of these individuals were chronically lead poisoned. This is 

assumed to have been caused by large lead fragments trapped in the reticulum-rumen.  

  

 
10 As the authors did not correct for the generally high moisture content in raw dog food (c. 70-75% for meat) 
relative to the 12% moisture content assumed for the EUML-AF, the proportion of samples exceeding the 
EUML-AF is likely to be higher than the 11% reported. 
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Beyond Europe 

Hauw et al. (2025) reported acute lead poisoning from bullet ingestion in a captive Cheetah Acinonyx 

jubatus in Namibia. The animal exhibited increased sensitivity to external stimuli, worsening ataxia and 

disorientation, an arched back and raised tail and hyperexcitability. The Cheetah died within 48h of the 

first report of clinical signs. At post-mortem, a bullet was found in the Cheetah’s stomach and there 

was extensive organ necrosis. Liver and kidney samples contained 38.25 and 56.03 mg/kg d.w. lead 

respectively, which is consistent with acute lead poisoning. 

 

Wildlife 

Wild non-avian species 
Europe 

 
Lazarus et al. (2024a) found elevated (>15 mg/kg d.w.) liver lead concentrations in 2% of 457 European 
Brown Bears Ursus arctos shot during the hunting season in Croatia and suggested that one source of 

lead could be meat and offal from wild-shot game at artificial feeding sites. Lazarus et al. (2024b) found 
that cortisol and free thyroid hormones in European Brown Bears varied with BPb. Bedouet et al. 

(2025) found generally low lead concentrations (geometric mean 0.27± 3.9 (SD) mg/kg d.w., max. 5.76) 
in livers from 122 Eurasian Lynx Lynx lynx archived in the Swiss national health surveillance program 
(2014-2022). These animals had died predominantly from collision and culling.  
Beyond Europe: Ushine et al. (2025; Supplementary Table 2) presented data on BPb in mammals 

rescued, culled or trapped from Honshu, Shikoko and Kyusha (Japan). Eight percent of 26 Japanese 

Racoon Dogs Nyctereutes viverrinus, 15% of 41 Wild Boar and 36% of 32 Japanese Black Bears Ursus 

thibetanus japonicus had elevated BPb levels (at 20.0 and 57.9 µg/dL; 20.9-78.0 µg/dL; 24.6-32.4 µg/dL 

respectively). Collectively, mammals sampled from hunting areas had significantly higher PBb than 

those sampled from non-hunting areas (P = 0.02). The authors acknowledged limitations associated 

with pooled species rather than individual species analysis, and the inclusion of mammals from rescue 

centres. Yamazaki et al. (2025) analysed BPb levels in 66 live-trapped Japanese Black Bears in two areas 

of central Japan. Mean BPb levels were 4.9 µg/dL in a mountain area near Tokyo and 11.0 µg/dL (max. 

24.5) in an area near a disused copper mine. The authors suggested that lead-based ammunition could 

be a source of contamination in both areas as scavenging on large mammals such as Sika Deer Cervus 

nippon by Japanese Black Bears is common. However, other sources could also have contributed and 

it was suggested that future work should include lead isotopic analysis in bear BPb, in top soil, mine 

tailings and hunting ammunition. Slabe et al. (2024a) analysed lead concentrations in livers and femurs 

of Piute Ground Squirrels Urocitellus mollis from areas varying in the history of shooting pressure in 

Idaho (USA). They found that increased ammunition use was associated with higher lead in squirrel 

tissues suggesting that ground squirrels can be influenced by the history of lead use in their local 

environment. Rodríguez-Seijo et al. (2024) reviewed the ecotoxicological effects of military training, 

warfare and civilian ammunition debris on the soil organisms and concluded that although many 

studies covered impacts on earthworms, information on micro and mesofauna (i.e., collembola, 

nematodes, etc.) is scarce and lacking for groups like mites, ants or gastropods, which play important 

roles in soil function.  

Wild birds 
 
A systematic global review of lead poisoning in raptors (Katzner et al. 2024) revealed that lead 

exposure occurs in nearly all taxa. Many raptor taxa scavenge, so are exposed to lead from 
ammunition, which accounts for the majority of reported exposure. The authors reviewed 
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developments in manufacturing of non-lead ammunition, and compiled data on voluntary and 
regulatory mitigation options and their associated sociological context. The review highlighted how 

awareness and understanding of lead exposure of raptors has grown alongside considerable increase 
in the underpinning science. Despite global consensus on the science linking lead ammunition-

associated negative health outcomes in raptors, at individual to population levels, the review finds 
variation across administrative regions, countries, and continents in the appetite for its management.  
 

Europe 

Mateo et al. (2025) investigated remnants of food items and lead fragments in 673 regurgitated pellets 

collected from six Eurasian Griffon Vulture Gyps fulvus roosting sites from 2020-2023 in Spain. Nine 

and a half percent of pellets contained particles comprising primarily lead, and 2.1% other ammunition 

materials. The presence of ammunition particles was positively associated with the presence of game 

animals in the pellets, particularly cervids, and showed peaks during the general hunting and Roe Deer 

Capreolus capreolus hunting seasons. From the regurgitation frequency of pellets, the authors 

estimated a daily ingestion incidence of ammunition particles of 3.7 % (3.2% for lead). Taking account 

of the half-life of BPb in raptors, the authors estimated a prevalence of BPb concentration >20 μg/dL 

of at least 44.8 %, similar to the prevalence of 44.9 % observed by other authors in the same geographic 

area, and the overall 53.7 % of free-ranging Griffon Vultures from across Spain. An elevated bone lead 

concentration (31.04 mg/kg d.w.) was reported in a Golden Eagle Aquila chrysaetos and a mean bone 

lead of 6.79 ± 1.71 d.w. in four Eurasian Griffon Vultures taken to a Wildlife Rehabilitation and Breeding 

Center in Bulgaria (Lazarova & Balieva 2025). The Golden Eagle had embedded shot in its tissues but 

had died of electrocution, so the embedded lead could have contributed to the bone lead. Kitowski et 

al. (2024) analysed the kidneys of 42 Common Buzzards Buteo buteo found dead or euthanised (if 

found sick and untreatable) in eastern Poland. Over 70% of birds were killed by carbamate insecticides, 

with others killed by collision and other causes. None were intentionally shot. Two birds had elevated 

kidney lead concentrations at 8.18 and 23.22 mg/kg d.w. The bird with the highest lead concentration 

contained two shot in its gizzard and was considered to have died from lead poisoning. Galluzso et al. 

(2025) reported elevated BPb levels (mean of 41.78±13.86 μg/dL; n=22) in Eurasian Griffon Vultures 

held in a rehabilitation aviary in Sicily (Italy) and fed with lead-free local wild ungulate carcasses, 

primarily Fallow Deer Dama dama and Wild Boar. As most of the Griffon Vultures had been in captivity 

for an extended period (c. a year) this suggested the need for further investigations.  

Beyond Europe 

Elevated BPb (35.7 and 67.2 µg/dl) was reported in 2/25 (8%) Black Kites Milvus migrans in Japan 

(Ushine et al. 2025) and a few individuals from other avian taxa. Overall, birds sampled from hunting 

areas had significantly higher BPb concentrations those sampled from non-hunting areas (p< 0.01).  

Caven and Wiese (2025) report on the deaths from lead poisoning of Sandhill Cranes Grus canadensis 

in Nebraska (USA) following topographic recontouring of the soils of a restored wetland where 

waterfowl hunting had occurred prior to the 1991 ban on lead shot use for waterfowl harvest. Livers 

were analysed from two of the dead cranes (lead concentrations of 71.8 and 220.0 mg/kg d.w.). The 

freshly exposed and redistributed soil could have exposed substantial remnant lead shot that cranes 

may have consumed as grit. Mitigation approaches were proposed for similar restoration situations. 

Sub-lethal effects 

McKechnie et al. (2024) experimentally dosed Pied Crows Corvus albus with lead shot to examine the 

effects of lead on thermoregulation in heat. Water and energy balance during hot weather was 

affected by lead exposure in the high dose group (BPb=87.3±44.7μg/dL) versus controls 

(BPb=6.4±1.8μg/dL). Van den Heever et al. (2024) found elevated BPb in all White-backed Vulture Gyps 
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africanus nestlings and 29% of Cape Vulture Gyps coprotheres nestlings studied. The authors 

confirmed the sensitivity of delta-aminolevulinic acid dehydratase (δ-ALAD) to low levels of BPb and 

reported other sub-lethal impacts. Khan et al. (2024) found an association between elevated BPb 

concentrations and increased prevalence of gapeworm infection in the House Sparrow Passer 

domesticus, highlighting the potential immunotoxic threat lead poses in small songbirds. Di Liberto et 

al. (2024) experimentally exposed House Sparrows to lead in drinking water and measured 

ecologically-relevant behaviours. They found that, compared with unexposed controls, sparrows 

exposed to environmentally relevant lead concentrations for 9-10 weeks exhibited decreases in take-

off flight performance and reduced movements in a novel environment. The authors considered this 

to be consistent with lead influencing fundamental neuro-muscular abilities, which may influence 

fitness and increase the predation risk of similar birds in the wild.  Elliott et al. (2025) retrospectively 

reviewed 95 cases from 19 bird species treated for lead toxicosis at a wildlife rehabilitation center 

(Wisconsin, USA) between 2014 and 2023. They found that birds with BPb >60μg/dL were more likely 

to exhibit neurological disease and to die or be euthanised while in care. Chik et al. (2025) found a 

statistically significant association between mean BPb and telomere length in free-living House 

Sparrows in Broken Hill, Australia, an area characterized by lead-zinc-silver mining activities ongoing 

since the 1880s (mean BPb levels ranging from 8.0μg/dL to 81.2dL across sites). The authors conclude 

that given the relationship between telomere shortening and life-span, their study highlights a clear 

risk of lead contamination on the biota of the urban area studied. 

The environment 

Contamination of shooting range soils by lead ammunition and risks to plants, invertebrates and 

vertebrates are well established. Additional studies have confirmed high levels of soil lead 

contamination and the need for remediation at civilian and military shooting ranges (e.g. Zgorelec et 

al. 2025, Croatia; Mankė et al. 2024, Lithuania; Etim & Mercy 2024, Nigeria). Zhu et al. (2024) reviewed 

contamination and remediation of contaminated firing ranges and Mendes et al. (2024) conducted a 

systematic literature review of lead in shooting range soil covering contaminant behaviour, risk 

assessment, and remediation options. 

Mitigating risks from lead ammunition  

Non-toxic ammunition  

Jourdonnais et al. (2025) assessed the long-range performance of copper bullets on North American 

Elk Cervus canadensis and found that copper bullets can be effective at long range when used by skilled 

shooters. Recovery rates (proportion of shot animals recovered) were similar to or better than those 

reported in prior studies where ammunition type was likely a mix of lead and lead-free projectiles. 

Hunter skill and shot distance, rather than just bullet composition, appeared to be key factors in animal 

recovery. McTee et al. (2024) evaluated the precision and velocity of factory vs. handloaded lead-free 

bullets and their results suggested that factory lead-free ammunition offers appropriate precision for 

big-game hunting that can occasionally be improved by handloading. Marklund & Pettersson (2024) 

tested two lead-free against two lead .22lr ammunition types for sport (target) shooting. This calibre 

is commonly used but only a small number of lead-free alternatives are currently available. They found 

performance of the lead-free bullets to be inferior to that of the lead bullets for spots shooting. 

Kanstrup (2024) reviewed the need for and practicalities of transitioning to non-lead ammunition, and 

concluded that there is no longer any need for lead to be used for any type of hunting ammunition. 

However, this author highlighted that while non-lead ammunition for applications with small calibre 

rifles, such as .22 LR, and .22 and .17 air guns is now being manufactured and marketed, further 

systematic laboratory and field testing and technical development is needed, and supply can be 
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limited. Kanstrup (2024) concluded that increased demand stimulates the development of appropriate 

product ranges, and following such testing and subsequent refinement, there is nothing to stop non-

lead ammunition meeting the demands for all types of safe and humane hunting. 

Efficacy of mitigation measures  

Europe 

A five-year voluntary transition from the use of lead to non-lead shot for all hunting in the UK, 

announced by shooting organisations in 2020 (BASC 2020) was intended to be complete by February 

2025. A compliance monitoring programme identifying shot types used to kill terrestrial gamebirds 

(Pheasants and Red Grouse Lagopus scotica) in Great Britain found that the voluntary initiative was 

unsuccessful both in the lowlands and uplands with between 93.5 and 100% of birds still shot with 

lead across the five years (Green et al. 2024b; 2025a,b). Strong et al. (2024) found that in 2021/2022, 

69% of Mallards in England were illegally shot with lead, which was banned for the shooting of wildfowl 

in 1999. They found that legislation and voluntary approaches had not been effective at reducing the 

illegal use of lead shot over time. Similarly, monitoring of shot metal type used from discarded 

cartridge cases in Scotland showed limited effectiveness of the 2004 regulations banning lead shot use 

over wetlands in Scotland, 17-18 years after their introduction, with about half of the cartridge cases 

being found to have contained lead shot (Green et al. 2023). Béchet et al. (2025) systematically 

collected c. 4,000 cartridge cases from 2008 to 2019 from wetland hunting sites in the Camargue  

(France) to identify the shot type used subsequent to the 2006 French ban on the use of lead shot in 

wetlands.  While the proportion of lead shotgun shells used declined, more than half of those found 

in 2018 and 2019 were lead. Lead shot prevalence was also measured in >2,000 gizzards of 13 wildfowl 

species collected between 1998 and 2017. The authors found that 12% of individuals had ingested 

shot overall, with no significant reduction over time. This may have been because lead shot continued 

to be used, birds could have ingested lead shot elsewhere, and/or birds may have ingested some legacy 

(previously deposited) shot.  

Gangoso et al. (2024) monitored BPb in Endangered Egyptian Vultures Neophron percnopterus on the 

Canary Islands between 1999 and 2022, over a period when hunting pressure declined and a ban on 

the hunting of rabbits with shotguns was implemented (in 2010). A total of 344 blood samples were 

taken, and a general long-term decline in BPb was found, especially in preadult birds, in association 

with decreased hunting pressure. Nonetheless, some birds still had very elevated BPb highlighting the 

need for broader lead ammunition restrictions. During the study period two additional vultures were 

captured sick and found to have BPb of 765 and 2000 µg/dL: both died shortly after capture.  

Escobar-González et al. (2025) evaluated the potential for grit supplementation in wetlands as a means 

of reducing the probability of lead shot ingestion by waterbirds, to supplement regulatory actions. 

They compared shot ingestion prevalence by waterbirds in the Ebro delta (Spain) pre-lead shot ban 

(seasons 1991/1992 to 1995/1996, n = 379), post-ban (seasons 2007/2008 to 2008/2009, n = 254), 

and post-ban plus grit supplementation (seasons 2009/2010 to 2014/2015, n = 1378). Shot ingestion 

(lead+steel) prevalence decreased significantly in the two species with the highest shot ingestion 

(Northern Pintail Anas acuta and Common Pochard Aythya ferina) between pre-ban and post-ban + 

grit supplementation periods, but not post-ban without grit supplementation. This method appears to 

have potential for helping mitigate the ingestion of legacy shot by waterbirds.  

Beyond Europe 

Slabe et al. (2024b) implemented a non-lead ammunition distribution programme in southeast 

Wyoming, USA, as a potential compensatory mitigation action to offset deaths of Golden Eagles caused 

by wind energy facilities. Based upon the density of eagles during the hunting season, the authors 
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modelled the extent to which their non-lead ammunition distribution programme offset the Golden 

Eagle fatalities. They suggested that this could be a potentially useful technique for mitigating eagle 

fatalities from anthropogenic causes. Marcot et al. (2025) modelled responses of California Condor 

Gymnogyps californianus populations to reintroductions, reinforcements and reductions in spent lead 

ammunition pollution, using multiple scenarios. Their model predicted that under the worst-case 

scenario of halting all reinforcements and with no decrease in lead pollution, populations are projected 

to decline substantially. In contrast, their model predicted substantial improvements in population size, 

even with incremental reductions in lead ammunition pollution, while cautioning that population size 

is an incomplete measure of population health. 

Policies, perceptions and economics: 

Policies 

Ferraro & Hirst (2024) reported that within Scotland, as part of annual deer culls to control deer 

browsing, carcasses are generally removed from the landscape presumably to enter the human food 

chain as venison. However, viscera, i.e. ‘gralloch’, are typically left in the environment. They argue that 

this removal of carcasses depletes the environment of nutrients, potentially undermining habitat 

restoration goals. However, the paper does not highlight that the viscera frequently contain fragments 

of lead from bullets presenting a risk to scavenging species including Golden Eagles and White-tailed 

Eagles Haliaetus albicilla, and that, were deer to continue to be shot with lead ammunition and whole 

carcasses to be left in the environment, this would substantially increase the poisoning risks to these 

and other scavenging species. 

Endo et al. (2025) highlighted online consumer to consumer trade as a growing market for wild game 

meat in Japan. These authors discuss the risks (including from lead of ammunition origin) associated 

with unestablished markets, and the need for hygiene standards and the establishment of a meat 

distribution system that guarantees traceability, including to enable the identification of contaminants 

such as lead in game meat. They conclude that the development of guidance and regulatory systems 

could help avoid these risks. 

Thomas (2025) reviews the evidence of continued lead exposure and toxicosis in Canadian wildlife 

from lead ammunition and fishing weights. The review highlights that only limited regulations 

restricting the use of lead ammunition currently exist and suggests that Provisions in the Migratory 

Birds Convention Act and the Canadian Environmental Protection Act could be used to further regulate 

uses of lead hunting ammunition and fishing weights, consistent with existing federal policy on 

anthropogenic uses of lead. 

The game meat strategy for South Africa (DFFE 2023) suggests mitigation measures to reduce risks 

presented by lead ammunition. These include: rapid transition to the use of lead-free ammunition for 

game harvesting; adoption of maximum levels of lead in harvested game meat (0.1 mg/kg) and offal 

(0.5 mg/kg); inspection and removal of physical hazards within at least 34 cm of wound channel and 

excise and condemn this meat and the offal of any animals shot with bullets containing lead, along 

with appropriate disposal of condemned meat so that it is unavailable to scavengers; and product 

labelling. 

Perceptions 

Brock et al. (2025) used Discrete Choice Experiments to obtain data from a sample of respondents 

drawn from the general population of the UK (rather than specific interest groups like hunters or 

conservationists) to understand public preferences for reducing lead-based ammunition for 

environmental and health improvements in wetlands ecosystems. Their results demonstrated that 
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people have a strong preference for lowering the risks of lead contamination to both human and 

environmental health.  

Arnemo et al. (2025b) discuss the evidence and highlight that all ingestion of lead, regardless of the 

amount, is harmful to health. The authors consider it to be paradoxical that the use of lead-based 

ammunition is still allowed, especially as there are lead-free alternatives for most types of weapons. 

Thomas et al. (2025) describe the use of inaccurate terminology and misinformation about lead 

ammunition’s toxicity that could obstruct proposed regulation requiring use of non-lead substitutes.  

The game meat strategy for South Africa (DFFE 2023) highlights the risks that ammunition-derived lead 

presents to scavenging wildlife health, human health, and the reputation and brand of game meat as 

a healthy alternative to other meats.  

Economics 

Green and Pain (2024) describe how differences in the exposure pathways of lead shot and lead bullets 

used to shoot wild game animals make tonnage of ammunition used an unreliable proxy for dietary 

lead exposure in humans. While 3 tonnes of lead bullets and 1600 tonnes of lead shot are considered 

to be used for hunting annually in the UK, the authors estimated that ca. 21% of human dietary 

exposure to ammunition-derived lead in the UK is from bullets and 79% from shotgun pellets. They 

suggest that their new partitioning approach could be used to inform cost–benefit analysis in the UK 

and elsewhere when data from food consumption surveys are lacking.  

Using the above-described Discrete Choice Experiments, Brock et al. (2025) found evidence of a 

positive Willingness To Pay for enhancements in environmental quality and bird populations. 

Harmonising global health and environmental protection 

In 2024 Denmark banned lead bullets6, making it the first country to ban all lead ammunition. In July 

2025 the UK government announced that (beyond limited exemptions) lead shot and bullets will be 

banned and published a draft regulatory amendment. 

The ECHA Committee for Risk Assessment (RAC) in 2022 strongly recommended setting an EU 

Maximum Level (EUML) for lead in game meat [under EU Regulation 2023/915] (ECHA 2022), similar 

to the EUMLs of lead for meat from farmed animals (0.1 mg/kg w.w.), as previously recommended by 

academic authors. Pain et al. (2025) discuss the unprecedented opportunity to protect human health, 

in particular that of children, and wildlife health from the toxic effects of lead ammunition presented 

both by the EU draft regulation under REACH to ban lead ammunition, and by the potential for an 

EUML to be set for lead in game meat. They describe possible reasons why an EUML for game meat 

has not previously been introduced, and why these are no longer valid. An EUML would be an 

important and complementary adjunct to a ban on lead ammunition for hunting wild game and would 

support the monitoring of its effectiveness. 

In December 2023 the European Commission adopted a legislative proposal to strengthen cooperation 

and consolidate scientific and technical work on chemicals in the ECHA, EFSA and several other 

agencies under ‘One substance, one assessment' chemicals assessment reform. This was provisionally 

agreed between the European Parliament and the Council in June 2025 and the resulting improved 

inter-agency cooperation should help facilitate work on EUMLs.  

Thomas et al. (2025) highlight that only the USA and Canada have national legislation requiring that 

candidate non-lead shot be tested scientifically to evaluate their toxicity to wildlife and other 

https://www.retsinformation.dk/eli/lta/2023/1479
https://www.gov.uk/government/news/toxic-lead-ammunition-banned-to-protect-britains-countryside
https://assets.publishing.service.gov.uk/media/686ce203a08d3a3ca3b6787d/Draft_amendment_for_lead_in_ammunition_restriction.pdf
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6413
https://environment.ec.europa.eu/news/eu-institutions-agree-streamline-chemical-assessments-europe-2025-06-13_en
https://environment.ec.europa.eu/news/eu-institutions-agree-streamline-chemical-assessments-europe-2025-06-13_en


16 

 

ecosystem components before approval. The authors conclude that EU and UK authorities should 

develop a system for formal approval of non-lead shot types that can legally be used.   
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Annex to the Appendix 

The bullet points below summarise key background information. Major reports are referenced. 

Risks 
• Lead is a highly toxic non-essential heavy metal. 

• Lead affects all body systems in vertebrates. 

• Effects of absorbed lead are independent of source. 

• No minimum toxicological threshold exists for the effects of lead, therefore any exposure to 
lead resulting in elevated blood lead concentrations should be avoided. 

• Lead is particularly damaging to the developing nervous system with some effects, e.g. 
reduced IQ, considered irreversible.  

• Young children (under 8 years old) and pregnant women are particularly vulnerable to the 

effects of lead. 

• Among other negative impacts, lead exposure in people is associated with high blood pressure, 
cardiovascular problems and kidney damage.   

• In Europe, average lead concentrations in meat from wild game hunted with lead ammunition 
exceed EU maximum levels (EUMLs) set for meats from farmed animals under EU law (EU 

2023-915), by tens of times. 

• Lead from ammunition has been associated with elevated blood lead concentrations in 
frequent consumers of wild game shot with lead ammunition. 

• Shooters may be exposed to lead fumes, aerosols and dust via inhalation during the act of 
shooting with lead ammunition. Lead dust and particles on clothing and equipment of 
shooters can be inadvertently ingested by hand to mouth transfer, and this could also be 

associated with exposures of others, e.g. in the home environment.  Exposure risks are greater 
in the indoor than outdoor shooting environments. 

• Lead poisoning of birds from the ingestion of ammunition has been recognised for over a 
century. 

• The direct ingestion of lead shot by waterbirds and certain terrestrial birds, mistakenly for food 

or grit, causes lead poisoning across Europe and globally, and is estimated to kill about a million 
waterbirds alone in Europe annually, with many more sub-lethally affected. 

• The ingestion by raptors/birds of prey of lead shot or fragments of lead shot or bullets in prey 

or scavenged animals causes lead poisoning, kills many birds, and has population levels effects 
in some. This includes some species that are globally threatened, protected, and on Annex I of 

the Birds Directive. 

• Birds that absorb lead from ammunition but do not die as a direct result of lead poisoning 
suffer sub-lethal effects. These range from minor effects, effects that make them more 

vulnerable to other causes of death, to profound effects that seriously compromise their 
welfare and ability to survive. 

• Less research has been conducted on lead poisoning from ammunition in non-avian species, 

including mammals and other groups, although exposure pathways exist.  

• Despite the limited studies conducted on non-avian species, lead poisoning from ammunition 
has been reported to poison and kill both captive and farmed mammals (in addition to farmed 

poultry), and elevated blood lead concentrations have been found during the hunting season 
in some species of wild mammals and in companion animals fed scraps from hunted game, or 

fed pet foods containing game meat. 

  

https://eur-lex.europa.eu/eli/reg/2023/915/oj/eng
https://eur-lex.europa.eu/eli/reg/2023/915/oj/eng
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Mitigating risks 
• The first national restriction on the use of lead ammunition was implemented in the USA by 

federal regulation in 1991. This was partial, i.e. only banning the use of lead shot for hunting 
waterfowl. Similar partial restrictions followed in European countries and elsewhere, with the 

first total ban on lead shot for all hunting implemented in Denmark in 1996. Denmark also 
introduced the first, and currently only, national ban on the use of lead bullets6, in 2024. A 
statewide ban on the use of all lead ammunition (shot and bullets) for hunting was introduced 

in California, USA, in 2019. The first multinational ban was a ban on the carrying or use while 
hunting of lead shot in or within 100m of wetlands in all EU countries, which came into force 
in February 2024. In 2025 the UK government took the ministerial decision to ban (with limited 

exemptions) lead shot and bullets with regulation anticipated in 2026. 

• Only the USA and Canada have national legislation requiring that candidate non-lead shot 

types be tested scientifically to evaluate their toxicity to wildlife and other ecosystem 
components before approval. Such measures are needed wherever lead ammunition 
restrictions exist to ensure the safety of alternative materials.  

• Alternative ammunition types are available and effective for almost all kinds of hunting.  

• Concerns about a ban on all uses of lead ammunition include that: 
o While small calibre non-lead rifle ammunition are available, there may currently be 

limited choice.  
o Some adaptations that would need to be made for sports (target) shooting should lead 

ammunition be banned, i.e.  suitable non-lead ammunition may not be available for 
all categories of Olympic shooting.  

o Olympic rules require that lead ammunition is used for Olympic shooting.  This would 

make it difficult for elite athletes to practice, unless derogations to lead ammunition 
bans were made for elite athlete practice ranges. 

However, it is widely acknowledged that a total ban on lead ammunition would be the simplest 

and most effective way of mitigating the risks posed by exposure to lead ammunition to 
people, wildlife and the environment and to ensure compliance and facilitate enforcement. A 

change to the Olympic rules to mandate the use on non-toxic ammunition would be the most 
sustainable solution, as has been suggested by multiple stakeholders. 

• Multilateral Environmental Agreements that have considered and made resolutions to resolve 

or mitigate this issue over the last four decades are listed in Table 1. 

• No EUML has been set for lead in game meat, so Regulation (EU) 2023/915 does not protect 

consumers of marketed game meat from exposure to elevated lead concentrations.  

• Similarly, Codex Alimentarius, (the international ‘‘Food Code’’ adopted within the Joint 

FAO/WHO Food Standards Programme) General Standard for Contaminants and Toxins in 

Food and Feed does not include a maximum level for lead in game meat, despite the Codex 

Alimentarius Commission recognizing this source of lead contamination in its Code of 

Practice for the Prevention and Reduction of Lead Contamination in Foods.  

 

  

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140AB711
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140AB711
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0057
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0057
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A selection of key publications (in chronological order) 
 
These and other issues have been widely considered and summarised in government appointed 

commissions, workshops, academic reviews and conference reports and consensus statements over 

the last 40+ years. The peer-reviewed scientific literature spans more than a century.  

RCEP 1983. Royal Commission on Environmental Pollution. Ninth report. Lead in the environment. 

(T.R.E. Southwood). CMND 8852 Monograph. HMSO. London 

Pain, D.J. 1992 (ed.). Lead poisoning in waterfowl. Proceedings of an IWRB Workshop, Brussels, 

Belgium. June 1991. IWRB Special Publication No 16. Slimbridge, UK. 105p.  

Watson, R. T., M. Fuller, M. Pokras, and W. G. Hunt (Eds.). 2009.  Ingestion of Lead from Spent 

Ammunition: Implications for Wildlife and Humans. The Peregrine Fund, Boise, Idaho, USA. 

https://science.peregrinefund.org/legacy-sites/conference-lead/PDF/TOC.pdf  

EFSA. 2010. European food safety authority scientific opinion on lead in food EFSA Panel on 

contaminants in the food chain (CONTAM). EFSA Journal 8: 151. https://doi.org/10.2903/j.  

efsa.2010.1570.   

A Consensus Statement of Scientists March 22, 2013. Health Risks from Lead-Based Ammunition in 

the Environment - A Consensus Statement of Scientists, Microbiology and Environmental Toxicology, 

UC Santa Cruz http://escholarship.org/uc/item/6dq3h64x  

A Consensus Statement by Scientists 2014. Wildlife and Human Health Risks from Lead-Based 

Ammunition in Europe- A Consensus Statement by Scientists 

https://www.zoo.cam.ac.uk/system/files/documents/European-Statement.pdf  

LAG 2015. Lead Ammunition, Wildlife and Human Health. Lead Ammunition Group, 2 June 2015.  

Pp104.http://www.leadammunitiongroup.org.uk/wp-content/uploads/2015/06/LAG-Report-June-

2015-without-Appendices.pdf 

Delahay R.J., Spray, C.J. (Eds) 2015. Proceedings of the Oxford Lead Symposium: Lead ammunition: 

understanding and minimizing the risks to human and environmental health. Edward Grey Institute, 

The University of Oxford, UK. 152pp. http://www.oxfordleadsymposium.info 

ECHA. 2018. A review of the available information on lead in shot used in terrestrial environments, in 

ammunition and in fishing tackle. VERSION NUMBER: 1 .4 DATE: 27 November 2018. Helsinki, Finland 

https://echa.europa.eu/documents/10162/17233/lead_ammunition_investigation_report_en.pdf/ef
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European Scientists 2018  2018 European Scientists’ Open Letter on the Risks of Lead Ammunition – 

Open Letters from the European Scientists on the Risks of Lead Ammunition 

http://www.europeanscientists.eu/open-letter-2018/; http://www.europeanscientists.eu/open-

letter-2018/appendix/  

Kanstrup, N., Thomas, V.G. &. Fox, A.D. (eds). 2019. Special Issue: Lead in Hunting Ammunition: 

Persistent Problems and Solutions. Ambio Volume 48 (9) September 2019 

https://link.springer.com/journal/13280/volumes-and-issues/48-9  

European Scientists 2020 2020 European Scientists’ Open Letter on the Risks of Lead Ammunition – 

Open Letters from the European Scientists on the Risks of Lead Ammunition 

http://www.europeanscientists.eu/open-letter-2020/  
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(EC) No 1907/2006 of the European Parliament and of the Council concerning the Registration, 
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wetlands. https://eur-lex.europa.eu/eli/reg/2021/57/oj/eng . 
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Kanstrup, N. 2024. The transition to non-lead ammunition: an essential and feasible prerequisite for 

sustainable hunting in modern society. Aarhus University, Department of Ecoscience. 164 pp. 
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Table 1. 

International decisions and actions of relevance to the restriction of lead ammunition  

Date Resolution/Agreement/Action Reference 

 

Convention on the Conservation of European Wildlife and Natural Habitats (Berne) 
 

1991 Berne Convention Standing Committee Recommendation No. 28 

“Take steps to phase out the use of lead gunshot in wetlands or 
waterfowl hunting as soon as possible.” 
“Establish and adhere to a schedule for the replacement of lead 

shot by nontoxic alternatives, so that manufacturers and dealers 
may plan their programmes accordingly.” 

Convention 

on the 
conservation 
of European 

wildlife and 
natural 

habitats 
1991 

African-Eurasian Migratory Waterbirds Agreement (AEWA) 

 

1999 1995 Action plan text adopted by Resolution 1.14 in 1999. Call for 
elaborated guidance to phase out lead gunshot in wetlands. 

AEWA 1999 

2002 Second Meeting of Parties – Resolution 2.2 Target changed from 

2000 (by then already passed) to ‘self-imposed timescales’ in each 
Party. “implementation of … still highly insufficient in the majority 

of Range States” 
“report to each MoP on progress … in accordance with self-
imposed and published timetables”. 

AEWA 2002 

2008 Fourth Meeting of Parties - AEWA Strategic Plan 2009-2017. Target 
year re-instated – now 2017. By 2017 the use of lead shot for 
hunting in wetlands is phased out by all Contracting Parties. 

AEWA 2008 

2012 Implement Targets for Strategic Plan Objective 2: 

2.1 By 2017 the use of lead shot for hunting in wetlands is phased 
out by all Contracting Parties, Parties should: 

• 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; and 

• 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, ... 

AEWA 2012 

European Union Directive on the Conservation of Wild Birds (Birds Directive) 

 

2004 25th anniversary conference of the Birds Directive “Aim to phase 
of the use of lead shot in wetlands as soon as possible and 
ultimately by 2009.” Subsequent debates in the Directive’s ‘Ornis 

Committee’. 

Council of 
the 
European 

Union 2004 

Convention on Migratory Species (CMS) 
 

2014 Eleventh Conference of the Parties – Resolution 11.15. “Phase-out 
the use of lead ammunition across all habitats (wetland and 
terrestrial) with non-toxic alternatives within the next three years 

UNEP CMS 
2014a, 
2014b 
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with Parties reporting to CMS COP12 in 2017, working with 
stakeholders on implementation.” 

 

2017 Mandates establishment of the Lead Task Group and requests the 
United Nations Environment Assembly to consider the issue. 

UNEP CMS 
2017 

2020 Mandates establishment of an Inter-governmental Lead Task Force UNEP CMS 

2020 

2024 Repeated mandates. UNEP CMS 
2024 

International Union for the Conservation of Nature (IUCN) 
 

2016 Resolution 82 adopted at the IUCN World Conservation Congress 

calling for government and member organisation action to work 
towards phasing out lead ammunition, and for non-CMS Parties 
and others to focus specifically to reduce risks to waterbirds and 

scavengers. 

IUCN 2016 

United Nations Environment Assembly (UNEA) 
 

2017 UNEA adopts a Resolution which calls for Member States to raise 

awareness of the dangers to the environment of lead in 
ammunition. 

UNEP 2017 

The United Nations Conference on Environment and Development (World Summit on 

Sustainable Development) 
 

2002 Called to “Phase out lead in lead-based paints and in other sources 

of human exposure, work to prevent, in particular, children’s 
exposure to lead and strengthen monitoring and surveillance 

efforts and the treatment of lead poisoning.” 

WSSD 2002 

World Health Organization 

2025 WHO General Assembly Resolution WHA78.27 called for 
Galvanising Support for a Lead-Free Future  

WHO 2025 
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