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Lead is one of the most studied toxicants, and overwhelming scien-
tific evidence demonstrates that lead is toxic to several physiological
systems in vertebrates, including the nervous, renal, cardiovascular,
reproductive, immune, and hematologic systems (Health Risks from
Lead-Based Ammunition in the Environment—A Consensus
Statement of Scientists 2013). Furthermore, there is no level of lead
exposure in children known to be without adverse effects [Centers for
Disease Control and Prevention (CDC) 2012a, 2012b].

In light of this evidence, there is an urgent need to end a major
source of lead for animals and humans: spent lead bullets and shotgun
pellets. Notably, production of lead-based ammunition in the United
States accounted for > 69,000 metric tons consumed in 2012; this
is second only to the amount of lead used to manufacture storage
batteries (U.S. Geological Survey 2013). However, there are few regu-
lations regarding the release of lead into the environment through
discharge of lead-based ammunition. For other major categories of
lead consumption, such as lead batteries and sheet lead/lead pipes,
environmental discharge and disposal are regulated. Therefore, lead-
based ammunition is likely the greatest largely unregulated source of
lead that is knowingly discharged into the environment in the United
States. In contrast, the release or distribution of other major sources of
environmental lead contamination (e.g., leaded gasoline, lead-based
paint, lead solder) have been substantially regulated and reduced since
the mid-1970s (Health Risks from Lead-Based Ammunition in the
Environment—A Consensus Statement of Scientists 2013).

There is a national discussion—polarized at times—of the health
risks posed to humans and wildlife from the discharge of lead-based
ammunition. To inform this discussion, a group of 30 nationally and
internationally recognized scientists with expertise regarding lead and
environmental health recently collaborated to create an evidence-based
consensus statement (Health Risks from Lead-Based Ammunition in
the Environment—A Consensus Statement of Scientists 2013) sup-
porting the reduction and eventual elimination of lead released to the
environment through the discharge of lead-based ammunition.

The discharge of lead bullets and shotgun pellets into the environ-
ment poses significant health risks to humans and wildlife. The best
available scientific evidence demonstrates that the discharge of lead-
based ammunition substantially increases environmental lead levels,
especially in areas with higher shooting activity (U.S. Environmetal
Protection Agency 2012) and that the discharge of lead-based ammu-
nition poses risks of elevated lead exposure to gun users (National
Research Council 2012). When lead-containing bullets are used
to shoot wildlife, they can fragment into hundreds of small pieces,
many of which are small enough to be easily ingested by scavenging
animals or to be retained in meat prepared for human consump-
tion (Hunt et al. 2009; Knott et al. 2010; Pauli and Burkirk 2007).
Consequently, lead-based ammunition may be a significant source of
lead exposure in humans that regularly ingest wild game (Hanning
et al. 2003; Johansen et al. 2006; Levesque et al. 2003; Tsuji et al.
2008). In addition, lead pellets and fragments have been reported in
gastrointestinal tracts of hunters who consume meat from animals
shot with lead-based ammunition (Carey 1977; Reddy 1985).

The use of lead pellets in shotgun shells for hunting waterfowl
posed a serious threat to wetland birds, and secondarily to bald eagles,
in the United States, leading to the U.S. Fish and Wildlife Service’s
1991 nationwide regulations requiring use of nontoxic shotgun pel-
lets for hunting waterfowl (Anderson 1992). However, lead poisoning
from ingestion of spent lead-based ammunition fragments continues
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to pose a particularly serious health threat for scavenging species.
These lead-containing fragments remain the principal source of lead
exposure to endangered California condors and continue to pre-
vent the successful recovery of these birds in the wild (Church et al.
2006; Finkelstein et al. 2012; Green et al. 2008; Parish et al. 2009;
Rideout et al. 2012; Woods et al. 2007). Other wildlife species, such
as golden eagles, bald eagles, ravens, turkey vultures, and pumas, are
also exposed to the fragments of spent lead ammunition (Burco et al.
2012; Clark and Scheuhammer 2003; Craighead and Bedrosian 2008;
Cruz-Martinez et al. 2012; Fisher et al. 2006; Kelly and Johnson
2011; Stauber et al. 2010; Wayland and Bollinger 1999).

No rational deliberation about the use of lead-based ammunition
can ignore the overwhelming evidence for the toxic effects of lead,
or that the discharge of lead bullets and shot into the environment
poses significant risks of lead exposure to humans and wildlife. Given
the availability of non-lead ammunition for shooting and hunting
(Thomas 2013), the use of lead-based ammunition that introduces
lead into the environment can be reduced and eventually eliminated.
This seems to be a reasonable and equitable action to protect the
health of humans and wildlife.

The authors declare they have no actual or potential competing financial
interests.

David C. Bellinger

Harvard Medical School
Harvard School of Public Health
Boston, Massachusetts

Joanna Burger

Environmental and Occupational Health Sciences Institute
Rutgers University

Piscataway, New Jersey

Tom J. Cade

Department of Ecology and Evolutionary Biology (Emeritus)
Cornell University

Ithaca, New York

Deborah A. Cory-Slechta

Department of Environmental Medicine
University of Rochester School of Medicine
Rochester, New York

Myra Finkelstein

Department of Microbiology and Environmental Toxicology
University of California, Santa Cruz

Santa Cruz, California

Howard Hu

Dalla Lana School of Public Health
University of Toronto

Toronto, Ontario, Canada

Michael Kosnett

Division of Clinical Pharmacology & Toxicology
Department of Medicine

University of Colorado School of Medicine
Aurora, Colorado

Philip J. Landrigan

Department of Preventive Medicine
Icahn School of Medicine at Mount Sinai
New York, New York

VOLUME 121 | NUMBER 6 | June 2013 - Environmental Health Perspectives


http://dx.doi.org/10.1289/ehp.1306945
http://dx.doi.org/10.1289/ehp.1306945

Bruce Lanphear

Child & Family Research Institute
BC Children’s Hospital

Simon Fraser University

Vancouver, British Columbia, Canada

Mark A. Pokras

Wildlife Clinic

Department of Infectious Disease and Global Health
Cummings School of Veterinary Medicine

Tufts University

North Grafton, Massachusetts

Patrick T. Redig

The Raptor Center
Veterinary Clinical Sciences
University of Minnesota

St. Paul, Minnesota

Bruce A. Rideout

Wildlife Disease Laboratories
Institute for Conservation Research
San Diego Zoo Global

San Diego, California

Ellen Silbergeld

Department of Environmental Health Sciences
Johns Hopkins Bloomberg School of Public Health
Baltimore, Maryland

Robert Wright

Department of Preventive Medicine
Icahn School of Medicine at Mount Sinai
New York, New York

Donald R. Smith

Department of Microbiology and Environmental Toxicology
University of California, Santa Cruz

Santa Cruz, California

E-mail: drsmith@ucsc.edu

REFERENCES

Anderson WL. 1992. Legislation and lawsuits in the United States and their effects on nontoxic
shot regulations. In: Lead Poisoning in Waterfowl (Pain DJ, ed). IWRB Special Publication
16. Slimbridge, UK:International Waterfowl and Wetlands Research Bureau, 56-60.

Burco J, Myers, AM, Schuler K, Gillin C. 2012. Acute lead toxicosis via ingestion of spent
ammunition in a free-ranging cougar (Puma concolor). J Wildl Dis 48(1):216-219.

Carey LS. 1977. Lead shot appendicitis in northern native people. J Can Assoc Radiol 28:171-174.

CDC (Centers for Disease Control and Prevention). 2012a. CDC Response to Advisory Committee
on Childhood Lead Poisoning Prevention Recommendations in “Low Level Lead Exposure
Harms Children: A Renewed Call of Primary Prevention.” Available: http://www.cdc.gov/
nceh/lead/ACCLPP/CDC_Response_Lead_Exposure_Recs.pdf [accessed 9 May 2013].

CDC (Centers for Disease Control and Prevention). 2012b. Low Level Lead Exposure Harms
Children: A Renewed Call for Primary Prevention. Report of the Advisory Committee on
Childhood Lead Poisoning Prevention of the Centers for Disease Control and Prevention.
Available: http://www.cdc.gov/nceh/lead/ACCLPP/Final_Document_030712.pdf [accessed
9 May 2013].

Church ME, Gwiazda R, Risebrough RW, Sorenson K, Chamberlain CP, Farry S, et al. 2006.
Ammunition is the principal source of lead accumulated by California condors re-intro-
duced to the wild. Environ Sci Technol 40:6143-6150.

Clark AJ, Scheuhammer AM. 2003. Lead poisoning in upland-foraging birds of prey in Canada.
Ecotoxicology 12:23-30.

Craighead D, Bedrosian B. 2008. Blood lead levels of common ravens with access to big-game
offal. J Wildl Manage 72(1):240-245.

Environmental Health Perspectives - vOLUME 121 | NUMBER 6 | June 2013

Editorial

Cruz-Martinez L, Redig PT, Deen J. 2012. Lead from spent ammunition: a source of exposure
and poisoning in bald eagles. Hum Wildl Interact 6(1):94-104.

Finkelstein ME, Doak DF, George D, Burnett J, Brandt J, Church M, et al. 2012. Lead poisoning
and the deceptive recovery of the critically endangered California condor. Proc Natl Acad
Sci USA 109(28):11449-11454.

Fisher IJ, Pain DJ, Thomas VG. 2006. A review of lead poisoning from ammunition sources in
terrestrial birds. Biol Conser 131(3):421-432.

Green RE, Hunt WG, Parish CN, Newton I. 2008. Effectiveness of action to reduce exposure of
free-ranging California condors in Arizona and Utah to lead from spent ammunition. PLoS
ONE 3(12):4022; doi:10.1371/journal.pone.0004022 [Online 24 December 2008].

Hanning RM, Sandhu R, MacMillan A, Moss L, Tsuji LJS, Nieboer E. 2003. Impact of blood
lead levels of maternal and early infant feeding practices of First Nation Cree in the
Mushkegowuk Territory of northern Ontario, Canada. J Environ Monit 5:241-245.

Health Risks from Lead-Based Ammunition in the Environment—A Consensus Statement of
Scientists. 2013. Available: http://escholarship.org/uc/item/6dq3h64x [accessed 9 May 2013].

Hunt WG, Watson RT, Oaks JL, Parish CN, Burnham KK, Tucker RL, et al. 2009. Lead bullet
fragments in venison from rifle-killed deer: potential for human dietary exposure. PLoS ONE
4(4):e5330; doi:10.1371/journal.pone.0005330 [Online 24 April 2009].

Johansen P, Pedersen HS, Asmund G, Riget F. 2006. Lead shot from hunting as a source of lead
in human blood. Environ Pollut 142:93-97.

Kelly TR, Johnson CK 2011. Lead exposure in free-flying turkey vultures is associated with big
game hunting in California. PLoS ONE 6(4):e15350; doi:10.1371/journal.pone.0015350 [Online
6 April 2011].

Knott J, Gilbert J, Hoccom D, Green R. 2010. Implications for wildlife and humans of dietary
exposure to lead from fragments of lead rifle bullets in deer shot in the UK. Sci Total
Environ 409:95-99.

Levesque B, Duchesne JF, Gariépy C, Rhainds M, Dumas P, Scheuhammer AM, et al. 2003.
Monitoring of umbilical cord blood lead levels and sources assessment among the Inuit.
Occup Environ Med 60:693-695.

National Research Council. 2012. Potential Health Risks to DOD Firing-Range Personnel from
Recurrent Lead Exposure. Washington, DC:National Academies Press.

Parish CN, Hunt WG, Feltes E, Sieg R, Orr K. 2009. Lead exposure among a reintroduced
population of California condors in northern Arizona and southern Utah. In: Ingestion of
Lead from Spent Ammunition: Implications for Wildlife and Humans (Watson RT, Fuller M,
Pokras M, Hunt WG, eds). Boise, ID:The Peregrine Fund, 259-264. Available: http://www.
peregrinefund.org/subsites/conference-lead/PDF/0217%20Parish.pdf [accessed 9 May
2013].

Pauli J, Burkirk S. 2007. Recreational shooting of prairie dogs: a portal for lead entering wildlife
food chains. J Wildl Manage 71(1):103-108.

Reddy ER. 1985. Retained lead shot in the appendix. J Can Assoc Radiol 36:47-48.

Rideout BA, Stalis |, Papendick R, Pessier A, Puschner, B, Finkelstein ME, et al. 2012. Patterns
of mortality in free-ranging California condors (Gymnogyps californianus). J Wildl Dis
48(1):95-112.

Stauber E, Finch N, Talcott PA, Gay JM. 2010. Lead poisoning of bald (Haliaeetus leucocepha-
lus) and golden (Aquila chrysaetos) eagles in the U.S. inland Pacific northwest region—an
18-year retrospective study: 1991-2008. J Avian Med Surg 24(4):279-287.

Thomas VG. 2013. Lead-free hunting rifle ammunition: product availability, price, effectiveness,
and role in global wildlife conservation. Ambio doi:10.1007/s13280-012-0361-7 [Online
4 January 2013 ].

Tsuji LJS, Wainman BC, Martin ID, Sutherland C, Weberd JP, Dumas P, et al. 2008. The identi-
fication of lead ammunition as a source of lead exposure in First Nations: the use of lead
isotope ratios. Sci Total Environ 393:291-298.

U.S. Environmental Protection Agency. 2012. Integrated Science Assessment for Lead (Third
External Review Draft). EPA/600/R-10/075C. Washington, DC:U.S. Environmental Protection
Agency. Available: http://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=242655 [accessed
9 May 2013].

U.S. Geological Survey. 2013. Mineral Industry Surveys: Lead in January 2013. Available: http://
minerals.usgs.gov/minerals/pubs/commodity/lead/mis-201301-lead.pdf [accessed 9 May
2013].

Wayland M, Bollinger T. 1999. Lead exposure and poisoning in bald eagles and golden eagles in
the Canadian Prairie Provinces. Environ Poll 104(3):341-350.

Woods CP, Heinrich WR, Farry SC, Parish CN, Osborn SAH, Cade TJ. 2007. Survival and
reproduction of California condors released in Arizona. In: California Condors in the 21st
Century (Mee A, Hall LS, eds). Series in Ornithiology No. 2. Washington, DC, and Cambridge,
MA:American Ornithologists Union and Nuttall Ornithological Club, 57-78. Available: http://
www.peregrinefund.org/docs/pdf/research-library/2007/2007-Woods-condor-survival.pdf
[accessed 9 May 2013].

A179



mailto:drsmith@ucsc.edu
http://www.cdc.gov/nceh/lead/ACCLPP/CDC_Response_Lead_Exposure_Recs.pdf
http://www.cdc.gov/nceh/lead/ACCLPP/CDC_Response_Lead_Exposure_Recs.pdf
http://www.cdc.gov/nceh/lead/ACCLPP/Final_Document_030712.pdf
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0004022
http://escholarship.org/uc/item/6dq3h64x
10.1371/journal.pone
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0015350
http://www.peregrinefund.org/subsites/conference-lead/PDF/0217%2520Parish.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21302758
http://www.ncbi.nlm.nih.gov/pubmed/23288616
http://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=242655
http://minerals.usgs.gov/minerals/pubs/commodity/lead/mis-201301-lead.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/lead/mis-201301-lead.pdf
http://www.peregrinefund.org/docs/pdf/research-library/2007/2007-Woods-condor-survival.pdf
http://www.peregrinefund.org/docs/pdf/research-library/2007/2007-Woods-condor-survival.pdf



