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Human Impact of Lead

• Serves no useful purpose

• 143 000 human deaths per year, childhood exposure results in 600 000 intellectual disabilities per 
year

• Estimated cost of lead exposure to world economy US$ 1082 Billion*
• Low- to middle- income countries US$ 977 Billion

• US$ 18-24 Billion southern Africa

• USA US$ 50 Billion
• Europe US$ 55 Billion

• WHO – lead (Pb) is one of top ten chemicals of public health concern
• Expects Member States to protect people and develop strategies (World Health Assembly resolution 59.15)

• United Nations Environment Assembly (UNEA) - Resolution 2/7 Sound management of chemicals 
and waste
• “Significant risks to human health and the environment arising from releases of lead … into the environment”

• Strict regulations imposed (fuel, fertilizer, cosmetics, paint, toys etc.)

• However still some largely unregulated sources of lead into the environment (e.g. bullets, sinkers, 
batteries, pollution)
• e.g. EU 20 000 t/annum

* Attina TM, Trasande L. 2013. Economic costs of childhood lead exposure in low- and middle-income countries. 
Environ Health Perspect 121:1097–1102; http://dx.doi.org/10.1289/ehp.1206424



OUTLINE

• Sources of lead 
exposure of 
wildlife in South 
Africa

• The components 
of ammunition 
and how bullets 
are designed to 
work
• Examples of bullet 

fragmentation

• What we know and 
are learning about 
lead in wildlife
• Some research 

findings

• Risk to people 
from eating game 
meat
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Lead is a Silent Killer



BULLETS AND 
AMMUNITION

A QUICK OVERVIEW FOR CONTEXT
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TERMINOLOGY

Bullet Casing

Ammunition/Round/Cartridge



Why lead?
• Dense = heavy and more stable
• Melts at low temperatures, cools evenly
• Fragments on impact = more lethal
• Relatively cheap



Acknowledgement:  United States Government Printing Office. Emergency war surgery. 3 rd edition. 
Washington, DC: United States Government Printing Office; 2004



X-Ray

Lead

Copper

X-ray images of lead (top) and non-lead (bottom) bullets shot into a ballistics gel – Photo Credit: Jeremy Roberts/Conservation Media.





Fig 1. Photographs of ballistic gelatin block samples.

Leontowich AFG, Panahifar A, Ostrowski R (2022) Fragmentation of hunting bullets observed with synchrotron radiation: Lighting up 

the source of a lesser-known lead exposure pathway. PLOS ONE 17(8): e0271987. https://doi.org/10.1371/journal.pone.0271987

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271987

Synchrotron radiation

Lead

Copper



Fig 5.

Leontowich AFG, Panahifar A, Ostrowski R (2022) Fragmentation of hunting bullets observed with synchrotron radiation: Lighting up 

the source of a lesser-known lead exposure pathway. PLOS ONE 17(8): e0271987. https://doi.org/10.1371/journal.pone.0271987

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271987

12667 out of 12784 fragments (c. 99%) NOT visible in X-rays

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271987


BULLET 
FRAGMENTATION
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Lead shot in soil contributing to lead on food crops??

Image Acknowledgement: https://wildjustice.org.uk

Nkosi, D. V., Bekker, J. L., Gower, L. A., Van der Watt, M., & Hoffman, L. C. (2022). Physical Hazards in Aepyceros melampus 
Carcasses Killed for Meat Purposes by Aerial and Thoracic Shots. Applied Sciences, 12(14), 6861.

Lewis and Legler (1968) - prehunt levels of 27,225 lead shot pellets/ha and posthunt levels of 108,900 
pellets/ha (Tennessee); Best et al. (1992b) - prehunt lead shot 167,593 pellets/ha and posthunt 231,731 
to 860,185 pellets/ha (New Mexico).



LEAD (PB) IN 
WILDLIFE
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1) Bone lead concentration (BLC) of wild leopards is higher than in 
wild cheetahs

Wild Cheetahs: 0.27mg/kg
Wild Leopards: 0.83mg/kg

p=0.029



2) BLC of captive cheetahs is higher than in wild or mixed-life 
cheetahs

Time in captivity had a significant effect
on BLC: p<0.001

p<0.001

p=0.445

p=0.032

Captive Cheetahs: 1.66mg/kg
Mixed Life Cheetahs: 1.47mg/kg
Wild Cheetahs: 0.27mg/kg



Dr Catherine Hauw

Catherine.hauw@gmail.com

Incidental mortalities; hunting conditions; translocation opportunities



Van den Heever et al., 2019





Alaska: 10 birds die for every 1 taken back by the hunter
Europe: 4 million birds die from lead poisoning every year

Mallard Ducks
One #8 lead shot (73 mg Pb) caused 35% 
mortality
More than one #8 shot caused 80-100% mortality
(Finley & Dieter, 1978)

Eight #6 shot caused 96% mortality
(Irby, Locke & Bagley, 1967)

 60-80% of adult Mallard with one ingested lead 
pellet succumbed
(Olney, 1960)



Free State Pigeon Shooting

10 x shooters for 10 days, 
averaging 100 shots per day

Total 
discharged

Left in 
environment

Weight (kg) 300 240

Number of 
pellets

3 500 000 2 800 000 (plus 
embedded shot in 
wounded birds)

Soil contamination, 
absorbed by crops?, 
ingested by ground-feeding 
birds

Ingested by predatory birds 
(live) and scavengers (dead)

RISKS









Crocodiles

• Average blood Pb concentration in KwaZulu-Natal 
(St. Lucia/Kosi Bay/Ndumu) (2010, n = 34)
• Females – 8.15 µg/dL
• Males – 98.10 µg/dL
• St Lucia

• 11 out of 18 had blood Pb concentration >20 µg/dL
• >1000 µg/dL – highest level for any vertebrate ever 

recorded

• Concern for reproduction, teeth

• Source of lead?
• Lead sinkers from recreational fishing

• Unlikely to be from soil, shooting, mining or industrial 
pollution

• All crocodiles examined (n = 8) had lead sinkers in their 
stomachs

Source:
Blood lead concentrations in free-ranging Nile crocodiles (Crocodylus niloticus) from 
South Africa 
Jonathan Warner, Xander Combrink, Jan Myburgh and Colleen Downs (2016)



Source and acknowledgement:
Blood lead concentrations in free-ranging Nile crocodiles (Crocodylus niloticus) from South Africa 
Jonathan Warner, Xander Combrink, Jan Myburgh and Colleen Downs (2016)

Fishing sinkers



Bullet fragments from crocodile stomach
Pongolapoort Dam, 2021
Ferdi Myberg





LEAD IN GAME 
MEAT AND FISH

WHAT EVIDENCE? WHAT RISKS?
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Hunt, W. G., Watson, R. T., Oaks, J. L., Parish, C. N., Burnham, K. K., Tucker, R. L., ... & 

Hart, G. (2009). Lead bullet fragments in venison from rifle-killed deer: potential for 
human dietary exposure. PloS one, 4(4), e5330.

“We conclude that people risk exposure to bioavailable lead from bullet fragments when they eat 
venison from deer killed with standard lead-based rifle bullets and processed under normal 
procedures. At risk in the U.S. are some ten million hunters, their families, and low-income 
beneficiaries of venison donations.”



• Numerous studies from North America, Europe, Australia and 
elsewhere
• Many but not all found lead in packaged game meat; traditional 

hunting communities at risk, e.g. Canada
• Millions of regular consumers of game meat in USA and Europe at 

risk1

• At least five million people in the EU may be high-level 
consumers of lead-shot game (i.e. at least once a week), and 
tens of thousands of children in the EU (estimated at 83,000 or 
more) may be consuming such meat sufficiently frequently to 
result in deleterious effects on their cognitive development2

• Evidence contributed to current restriction proposals to phase out 
lead ammunition across Europe 

• 1. Thomas, V. G., Pain, D. J., Kanstrup, N. and Cromie, R. (2022). Increasing the Awareness of Health Risks 
from Lead-Contaminated Game Meat Among International and National Human Health Organizations. 
European Journal of Environment and Public Health, 6(2), em0110. https://doi.org/10.21601/ejeph/12043 

• 2. Green, R. E. and Pain, D. J. (2019). Risks to human health from ammunition-derived lead in Europe. 
Ambio Special Issue, 48(9), 954-968. https://doi.org/10.1007/s13280-019-01194 -x 



PRESENTATION 1 
COVER TITLE

“The number of samples per metal with levels above the EU products’ limits were Pb = 18/18 [100%] samples 
from both killing methods,…..” 

Some significantly above: 2000-4000  mg/kg vs 0.1 mg/kg

“…while visible affected areas could be removed during dressing and inspection, extensive traces of Pb could 
be picked up from areas that were generally not affected by bullets thus posing a risk to consumers.”

Nkosi, D. V., Bekker, J. L., & Hoffman, L. C. (2022). Toxic metals in meat contributed by helicopter and rifle 
thoracic killing of game meat animals. Applied Sciences, 12(16), 8095.



mg/kg WW 

https://wildjustice.org.uk/general/sainsburys-game-meat-has-
high-lead-levels/





Niger
Nigeria
Ghana
Ethiopia
Zambia
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Recent research
Title Researcher Status Institution
Effects of lead on avian thermoregulation in the 

heat: An experimental test with pied crows (Corvus 

albus)

Prof Andrew 

McKechnie

Published University of Pretoria

Lead in mammalian predators and scavengers in 

South Africa

Dr Catherine 

Hauw

PhD project 
registered

WITS

Preliminary results of an experimental study 

investigating the effects of ingested lead (Pb) in 

captive Nile crocodile (Crocodylus niloticus)

Fortunate 

Davhana & Dr 

Xander Combrink

Fieldwork 
complete

Tshwane University of 

Technology

Validation of LeadCare II System for Cape Vultures 

(Gyps coprotheres) in comparison to ICP-MS

Prof Vinny 

Naidoo

Published Faculty of Veterinary 

Sciences, University of 

Pretoria; VulPro
Metal transfer from hunted game carcasses to 

blowflies (Calliphoridae) in KwaZulu-Natal, South 

Africa

Dr Kurt Jordaens Thesis complete AfricaMuseum; Ezemvelo; 

SAHGCA

Sub-lethal impacts of lead poisoning on blood 
biochemistry, immune function and delta-
aminolevulinic acid dehydratase (δ-ALAD) activity 
in Cape (Gyps coprotheres) and white-backed (G. 
africanus) Vulture chicks

Dr Linda van 
den Heever

Published WITS; BirdLife SA



Environmental Exposures, One Health, and Community Awareness Symposium – 
27 September 2023

How much and 
where?

What is the mass of 
lead discharged into 

the environment from 
shooting and fishing; 

what is the trend?

Extent of 
exposure

What species and 
level of exposure; 
population level 

impacts?

Sublethal impacts?

Alternatives

Availability, price

Venison

Extent of risk from 
eating game meat and 

fish

Human exposure

Farm workers, 
skinners, hunters & 

their families

Information needs (What don’t we know)



24 members
16 organisations



THANK YOU
Ian Rushworth

+27 82 940 1462

Ian.rushworth@kznwildife.com
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