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LEAD AND LEAD TOXICOSIS
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ABSTRACT

Lead is a naturally occurring metal whose toxic properties have been realized for thousands of
years. Despite its toxicity, the widespread availability, high malleability and ease of working
with this metal have made it attractive for use in paint, solder in plumbing and cans, gasoline,
wheel weights, ammunition and fishing tackle. Due to the concern over lead exposure in
humans and lead deposition in the environment, most of these uses of lead have been
banned; however lead is still used in ammunition and fishing tackle. Ingested lead ammunition
and fishing tackle can cause mortality in wildlife, especially in avian species. Lead can have
population level impacts on threatened and endangered species (Fisher et al. 2006) and can
represent a significant percentage of preventable mortality in some species, such as California
condors, trumpeter swans, common loons and bald eagles (Cruz-Martinez et al. 2012.
Degernes et al. 2006, Finkelstein et al. 2012, Grade et al. 2018). Although other forms of
mortality, such as trauma and disease, are also significant sources of mortality in these
species, the switch from lead to non-toxic ammunition and fishing tackle would eliminate
mortality caused by the use of lead. Voluntary use of these non-toxic alternatives is
encouraged by creating awareness of the effects of lead on wildlife and offering information on
the pros and cons of non-toxic ammunition and fishing tackle.

BACKGROUND

Lead is a non-essential, non-biodegradable, naturally occurring metallic element in the earth’s
crust that serves no function and has no beneficial cellular or molecular role in biological
systems (Hernberg 2000). It is one of the easiest metals to mine and smelt, being versatile,
malleable (soft), abundant, dense, useful, and inexpensive.

The toxic properties of lead have been known for thousands of years. It is toxic at low levels,
and no threshold for exposure exists (Michael 2006). Lead bioaccumulates in ecosystems and
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is the most widely distributed toxic metal in the world. Lead can remain in the environment 100
to 300 years (De Francisco et al. 2003).

There are numerous sources of lead in the environment; surface run-off, atmospheric
deposition (from the burning of coal, oil, and waste), release of tailings from mining and
smelting, the application of products containing lead, vehicle emissions, lead containing
materials in landfills, and through the loss of lead objects (lead shot and fishing weights).

LEAD IN THE ENVIRONMENT

Environmental contamination with lead has occurred in the past, and in some instances, still
does occur. There is lead shot deposition at shooting ranges and on fields heavily hunted for
some game species (doves). Additionally, unrecovered fishing tackle can contribute to lead
deposition in bodies of water.

Tens of thousands of tons of lead shot and lead bullets are released into the global
environment each year by recreational hunters and shooters (ECCC 2018a). The U.S.
Geological Survey estimated that 6,000 — 10,000 tons of lead are released into the
environment through shooting sports (hunting) activities annually in the U.S (Pokras and
Kneeland 2008). Additionally, between 72,600 to over 80,000 tons of lead shot and bullets are
deposited at outdoor shooting ranges annually (EPA 2001, USGS 2008, Schuehammer and
Thomas 2011).

In Canada, 40-80 tons of lead are used annually in hunting activities, 119 tons are used each
year for law enforcement, and approximately 5,082 tons is discharged annually at indoor and
outdoor shooting ranges (Government of Canada 2018a). An estimated 220 to 330 tons of
lead shot are deposited annually at clay target shooting ranges (Scheuhammer and Norris
1995). In heavily hunted fields in the U.S., 400,000 lead shotgun pellets/acre have been
deposited annually (USGS 2008). In 2016 lead deposited by sport shooting activities in
Canada was approximately 5,000 tons and it is expected that the amount will be 5,800 tons by
2025 (Government of Canada 2018a).

Deposition of lead at shooting ranges and/or fields heavily hunted for some game species can
result in elevated lead concentrations in the soil and sediment within the pellet fall zone. Lead
concentrations in the soil can be 100’s to 1000’s of ppm, with the highest levels occurring in
the top 10 cm of the soil (Scheuhammer and Norris 1995, Ma et al. 2000, Sanborn 2002,
Michael 2006). Soil lead levels at a clay pigeon shooting site were compared to a control site
and levels were 6410 +/- and 296 +/- 98 mg lead/kg dry weight, respectively (Reid and Watson
2005, ECCC 2018a).

In wetland sites, prior to the ban of lead shot for waterfowl hunting, lead shot deposition
resulted in elevated lead concentrations in surface water and sediments. When lead shot could
be used in the United States, 6600 tons of lead were deposited in lakes, ponds, and estuaries
annually (Eisler 1988). In Canada, 33 million rounds of shot shell ammunition was discharged
annually by waterfowl hunters (Scheuhammer and Norris 1995).



In wetland sites, lead can also be deposited when sinkers and weighted lures are lost when
snagged on rocks and submerged trees, when fishing lines break, or when dropped into the
water. In the United States, lead densities as high as 13.6 sinkers/square meter have been
recorded (Deurr and DeStefano 1999). Four hundred seventy million lead sinkers (2700 tons)
are produced in the United States annually, all of which have the potential to be deposited in
the environment (EPA 1994). In Canada, it was estimated that 460 to 554 tons of discarded
fishing sinkers and jigs are introduced into the environment annually (Scheuhammer et al.
2003, ECCC 2018b, Government of Canada 2018b). Approximately 75% of the lead lost are
sinkers (ECCC 2018b). In the United Kingdom, densities as high as 189.7 sinkers/square
meter have been reported (Cryer et al. 1987).

Deposition of lead into the soil, either on land or in the water, results in the lead dissolving over
time. Lead is inert and all of the metallic lead will be transformed and distributed as particulate
and molecular lead into the soil, sediments, and water. Soil pH is one of the most important
factors affecting mobility and bioavailability of lead, with acidic conditions increasing these
factors (Scheuhammer and Norris 1995). Wind and rain are the primary factors that influence
the transport of lead in the environment. This can occur due to airborne lead associated with
small soil particles and erosion from storm and river run-off. Transport can also occur in the
groundwater when dissolved lead migrates through the soil to the groundwater and is then
transported via the groundwater to bodies of surface water.

LEAD IN PLANTS AND WILDLIFE

Lead can affect or poison terrestrial and aquatic plants, invertebrates, fish, reptiles,
amphibians, mammals, and birds. Lead can inhibit plant growth, and reduce photosynthesis,
mitosis, and water absorption. Acidic (low pH), low organic content soils and acid rain can
dissolve lead, releasing it into the sediments where it can be absorbed by plants or enter the
groundwater or surface water. Lead is absorbed by plants mainly by the root hairs and
concentrates in the cell walls at this site. Translocation of lead to the stems and leaves does
not readily occur. Aquatic invertebrates such as clams, snails, amphipods, bloodworms, and
insects usually possess insignificant lead levels.

Chrastny et al. (2010) detected an increased level of lead in crops grown on contaminated soil
at a shooting range. Lead has been shown to accumulate in invertebrates, with terrestrial
invertebrates being the most likely affected. Earthworms can have lead concentrations at or
above the lead concentrations of the surrounding soils, with a positive correlation of lead
concentration between soil and earthworms (Scheuhammer et al. 2009). Earthworms analyzed
for lead at shooting ranges were found to have high (up to 1000 times higher) levels present
indicating bioaccumulation (Reid and Watson 2005, Rodriguez-Seijo et al. 2017). Strom et al.
(2005) examined American woodcock harvested between 1999-2001 and found unusually high
levels of lead in wing bones, possibly due to lead in the soil or in the invertebrates
(earthworms) consumed by the birds. This bioaccumulation could contribute to an increased
body burden of lead in species that feed on earthworms such as amphibians, reptiles, birds,
and small carnivorous mammals (ECCC 2018a).

Lead can cause serious health problems in some species of fish, especially the rainbow trout
(Oncorhynchus mykiss) and brown trout (Salmo trutta). Clinical signs of lead toxicosis in trout



are: spinal curvature, tail atrophy, muscular and neurological degeneration, growth inhibition,
impaired immune function, anemia, reduced blood delta aminolevulinate acide dehydratose
(essential for cellular energy and hemoglobin production) levels, depressed reproductive
success, paralysis, and death (Sauter et al. 1976, Eisler 1988, Sanborn 2002, Pokras and
Kneeland 2008, TWS 2008). Mariussen et al. (2017) detected elevated lead levels in brown
trout from a lake downstream from a former shooting range in Norway.

In reptiles such as snapping turtles (Chelydra serpentina) and painted turtles (Chrysemys
picta), elevated blood lead levels are detected but it does not appear to be a widespread
problem. In amphibians such as frogs and toads, ingestion of lead in food items or dissolved in
water, can impact egg and tadpole development and growth rates and may be lethal. Stansley
and Roscoe (1996) found green frogs with sub-clinical lead toxicosis in the impact zone of a
shooting range. Pickerel frog eggs exposed to lead contaminated surface water resulted in
100% mortality in 10 days (Stansley et al. 1997).

Contamination of the environment at shooting ranges led to an increase in lead exposure in
birds and small mammals foraging on the areas (Roscoe et al. 1989, Stansley and Roscoe
1996, Vyas et al. 2000). Lead toxicosis rarely occurs in mammals, and although elevated lead
levels have occurred, they have not been at levels that would be intoxicating or toxic. Elevated
levels have been detected in small mammals (shrews, mice, voles, squirrels, opossums, and
raccoons) near shooting ranges (Ma 1989, Lewis et al. 2001). Stansley and Roscoe (1996)
found sub-clinical lead toxicosis (>5 to 64-fold greater than the control) in white-footed mice in
the impact zone of a shooting range. Elevated levels have also been found in black and grizzly
bears that have fed on carcasses and/or viscera of hunter harvested big game species
(Rogers et al. 2009).

Elevated and toxic lead levels from environmental lead contamination are most frequently
observed in birds. Mortality attributed to lead exposure was first documented in waterfowl in
the United States in Texas and North Carolina in 1874 (Bellrose 1959). Grinnell (1894) was the
first to identify lead toxicosis in waterfowl in the United States when he examined ducks,
geese, and swans in Texas. His examinations allowed him to conclude that the birds died from
“chronic lead poisoning, the cause of which was sufficiently obvious, lead shot”. Frank
Bellrose, a noted waterfowl researcher at the lllinois Natural History Survey, estimated that
between 1938 and 1954, 2-3% (1.6 to 3.9 million waterfowl) of the annual North American
waterfowl losses were “due to lead poisoning” (Bellrose 1959). The earliest report in North
America describing sinker ingestion causing lead toxicosis was in a whistling (tundra) swan in
1972 in Maryland (Locke and Young 1973, Simpson et al 1979). Between 1991 and 2007
approximately 25% of the trumpeter swans (Cygnus buccinator) necropsied in Wisconsin, died
from lead toxicosis (Strom et al. 2009).

In England, lead toxicosis in upland birds was first observed in pheasants by H.S. Calvert in
1876 (Kimmel and Tranel 2007). In the United Kingdom, lead toxicosis from fishing weight
ingestion caused 21% of deaths in mute swans from the 1950’s to the 1980’s, amounting to
4,000 birds annually between the 1970’s and 1980’s (Sears and Hunt 1991, Brown et al.1992,
Kelly and Kelly 2004).



Scheuhammer at al. (1999) found a high incidence of elevated lead exposure from lead shot
ingestion in American woodcock (Scolopax minor). In another study, Scheuhammer et al.
(2009) found high lead levels in American woodcock wing bones consistent with ingestion of
spent lead shot. In 2009, the United States Geological Survey (USGS) found 2.5 % (106/4229)
of doves had consumed lead shot (Franson et al. 2009). Runia and Solem (2014) reported
3.5% (12/339) of pheasants harvested in South Dakota had lead present in their gizzards.

To date, worldwide, over 500 published scientific studies have documented more than 130
species of wildlife, primarily raptors, waterfowl, upland avian species, and songbirds that have
been adversely affected by ingesting lead (Kimmel and Tranel 2008, Tranel and Kimmel 2009,
NPS 2016, NPS 2019). It is estimated that up to 10 million birds and other animals die in the
United States annually from lead toxicosis (Johns 2011). Lead toxicosis has been documented
in over 30 avian, three mammalian, and two reptilian species from ingestion of lead fishing
gear (Grade et al. 2019). Lead toxicosis in birds can occur from a primary or a secondary
source. A primary toxicosis is due to the ingestion of lead shot on the ground, in the bottom
sediments, in the tissues of an animal that had been shot with a lead projectile, or in/on a fish,
with the species usually affected being waterfowl, raptors, and scavengers. A secondary
toxicosis occurs when parts of an animal that consumed the lead (e.g. gizzard) are consumed,
with the species usually affected being raptors and scavengers. Depending on the amount of
time required for lead levels in an affected animal to become significant, lead toxicosis can be
acute or chronic. In acutely affected birds, large quantities of lead are ingested, and the bird
dies even though it is in good physical condition. In chronically affected birds, smaller
quantities of lead are ingested over a period of time and the bird dies after losing as much as
50% of their body weight.

Lead toxicosis can result from ingesting lead pellets, lead fragments, or lead fishing tackle
(sinkers and jigs). The clinical signs and physiological effects of lead ingestion are dependent
on the retention time of the lead in the digestive tract, the frequency of exposure, the nutritional
status of the bird, and the environmental stress. Lead fragments can be rapidly regurgitated
(raptors), can be retained for various periods of time, may rapidly pass through the digestive
system (bird is unaffected), or may be completely dissolved. Lead that is present in the
musculature of a bird is not easily absorbed into the bird’s bloodstream, so it has a minimal
effect on the animal. Ingestion of one lead pellet (waterfowl), bullet fragment (bald eagle;
Haliaeetus leucocephalus) or lead sinker (common loon; Gavia immer) is sufficient to cause
mortality (Eisler 1988, EPA 1994, Twiss and Thomas 1998, USGS 2009). Because lead
poisoned birds search out isolated areas when sick and are oftentimes scavenged soon after
death, mortalities are likely to be under-reported.

Lead toxicosis can have population level effects, especially when threatened, endangered or
protected species such as the California condor (Gymnogyps californianus), trumpeter swan,
common loon, or bald eagle are involved (Fisher et al. 2006, Grade et al. 2018). The sources
of lead that can cause mortality vary in these species, with the most common sources affecting
condors and eagles being lead fragments, affecting trumpeter swans being sinkers and lead
shot, and affecting common loons being sinkers and jigs. Of these species, the one at greatest
risk is the California condor: in the mid 1980’s bullet fragments and slugs were determined to
be a source of lead toxicosis, causing mortality in this species (Wiemeyer et al. 1988). Since
testing began in Arizona in 1999, 45 to 95% of the condors tested positive for lead exposure



annually and many needed to be treated for lead toxicosis (NPS 2016). Between 1997-2011,
62-91% of condors tested in California had been exposed to lead, 48% of which had high
enough blood lead levels to require chelation treatment (Finkelstein et al. 2012, Kelly et al.
2014). Blood lead levels of condors tested during a three-year period (2009-2011) following a
ban on lead ammunition ranged from 79-87%, indicating that at least initially, the ban had little
impact on lead toxicosis in condors (Kelly et al. 2014). Despite California condor populations
being on the rebound since 2013, the California Department of Fish and Wildlife continues to
observe concerning levels of lead toxicosis in the population (ECCC 2018a). Lack of
enforcement on public lands, exposure to carcasses harvested with lead on private lands and
the lack of availability of non-lead ammunition are believed to have contributed to these
continually high blood lead levels in condors after implementation of the ban (Kelly et al. 2014).

The toxic effects of lead on trumpeter and tundra swans have been documented in several
states and one Canadian province, with mortality ranging from 20 to over 80% (Table 1). Both
lead sinkers and lead shot have contributed to trumpeter and tundra swan mortalities (Blus et
al. 1989, Degernes et al. 2006)

Table 1. Swan mortality attributed to lead toxicosis by state and year.

Years State or Region Species | Lead toxicosis Source
diagnosed
1977-1986 | Idaho, Montana, & | Trumpeter | 20% (n=47) Blus et al. 1989
Wyoming
1987-2020 | Michigan Trumpeter | 28% (n=164) MI DNR Unpublished
data
1987-2020 | Michigan Tundra 60% (n=35) MI DNR Unpublished
data
1991-2007 | Wisconsin Trumpeter | 25% (n=143) Strom et al. 2009
1998-2008 | Judson Lake (NW | Trumpeter | 80% (n=1727) Wilson et al. 2009
Washington and S | and
British Columbia, Tundra
Canada)
2000-2002 | Washington Trumpeter | 83% (n=365) Degernes et al. 2006

In Michigan, the avian species of interest most commonly impacted by lead toxicosis are the
common loon (listed as threatened in Michigan) and the bald eagle (delisted from threatened in
Michigan in 2009; MI DNR unpublished data). Both species are long-lived, have delayed
maturation, low productivity, provide extended care for their offspring, and, in the case of the
bald eagle, mate for life (Table 2). The loss of breeding adults of either of these species can
impact the population.

Table 2. Life history data on common loons and bald eagles (Buehler 2000, Evers et al. 2010,
Cornell Lab or Ornithology 2020).




Life history trait Common Loon Bald Eagle

Life Span up to 30 years up to 35-40 years

Maturation (breeding age) 4 years 5 years

Productivity (clutch size) 1-3 eggs, one clutch per year | 1-3 eggs, one clutch per year
Care for young 3-4 months 5 months

The global population of common loons is estimated to be between 612,000 and 640,000, with
607,000-635,000 in North America and 5000 in Europe (Wetlands International 2020). Within
North America, the estimated populations are 500,000 in Canada, and 30,000-35,000 in the
U.S. (Wetlands International 2020) with an estimated population of 2000 common loons in
Michigan (Joe Kaplan and Damon McCormick, Common Coast Research and Conservation,
personal communication).

Nationwide, 3-50% of diagnosed adult loon mortality is caused by lead fishing tackle, which
include split shot, bell-shaped, egg-shaped, or pyramid-shaped sinkers, and jigs (Twiss and
Thomas 1998, Franson et al. 2003, Sternberg 2003, Strom et al. 2009, NY DEC 2012, TCSVM
2012, VT DFW 2013, Vogel 2013), with a high proportion of ingested fishing tackle being jigs
(Grade et al. 2019). In New England, toxicosis from ingestion of lead sinkers was the most
common cause of mortality in adult, breeding birds (Pokras and Chafel 1992). Ingestion of
these lead objects may be the result of the bird: deliberately selecting lead objects from the
lake bottom when searching for stones for their gizzard to aid in digestion, ingesting fish with
either attached or ingested lead objects, or ingesting minnows or crayfish attached to jigs.
Historic records at the USGS’s National Wildlife Health Center (NWHC) showed that 4.1%
(14/340) of the common loons examined had died from lead toxicosis (USGS 1999). Lead
sinker and jig ingestion are the only significant source of lead exposure and toxicity for
common loons and is the single most important cause of death for adult common loons in
eastern Canada and the United States (Government of Canada 2018b). Numerous states have
documented deaths in common loons since the late 1980’s (Table 3). In Michigan, from 1987
to 2020, the 3 leading mortality factors diagnosed in common loons examined (n=468) were:
trauma (24.1%), type E botulism (21.8%), and lead toxicosis (14.1%; Ml DNR unpublished
data).

Table 3. Common loon mortality attributed to lead toxicosis by state and year.

Years States or Region Lead toxicosis Source

diagnosed
1987-2000 | New England 23% (n=552) Pokras et al. 2009
1987-2017 | New Hampshire 49% (n=253) Grade et al. 2018
1987-2020 | Michigan 14% (n=468) MI DNR unpublished data
1989-1990 | New England 52% (n=31) Pokras and Chafel 1992
1990-2016 | Maine 25% (n=480) MacDonald 2018
1995-1999 | CA, NC, FL, MN, NH, WI 4% (n=313) Franson et al. 2003
2006-2008 | Wisconsin 30% (n=26) Strom et al. 2009




The United States Fish and Wildlife Service (2020) estimated a population of 316,700 bald
eagles in the Atlantic, Mississippi, Central, and Pacific North Flyways during the 2019 breeding
season. In Michigan, the estimated bald eagle population size is 3500-4000, including 1035
breeding pairs (Chris Mensing, USFWS, personal communication). Historically, bald eagles
have been affected by lead toxicosis after consuming lead shot embedded in the musculature
or contained within the gizzard of waterfowl. Since the non-toxic shot requirement for all
waterfow! hunting in 1991 in the U.S., there has been a marked decrease in waterfowl deaths
from lead toxicosis but lead toxicosis in eagles has not declined significantly (Yaw et al 2017).
Lead ammunition is a major source of lead exposure in bald eagles in the midwestern U.S.
(Strom et al.2009, Cruz-Martinez et al. 2012, Henry 2016). In recent years, nearly all
mortalities attributed to lead toxicosis in bald eagles have been due to the ingestion of small
fragments of lead from scavenging on the unrecovered carcasses and gutpiles of upland small
game and large game harvested with lead projectiles, (Kramer and Redig 1997).

Numerous studies in North America have shown that the highest incidence of lead toxicosis in
bald eagles and other scavengers occurs in the fall, following big game seasons and the
increased availability of unrecovered carcasses harvested with lead ammunition on the
landscape (Strom et al. 2009, Stauber et al. 2010, Bedrosian et al. 2012, Legagneux et al.
2014, Lindblom et al. 2017, Yew et al. 2017, ECCC 2018a, Garbett et al. 2018).

Bald eagles rely heavily on white-tailed deer carcasses and gut piles during winter months
(October thru April) based on feeding observations and pellet analysis (Ewins and Andress
1995, Lang et al. 1999, Stocek 2000). White-tailed deer comprised 43% (413/949) of bald
eagle feeding observations in New Brunswick during the winters of 1992-1999 and 47%
(160/339) of feeding observations in the Great Lakes basin during winters of 1987-1995 (Ewins
and Andress 1995, Stocek 2000). Lang et al. (1999) found deer remains in 67% of bald eagle
pellets collected from a roosting site along the St. Lawrence River during April of 1996 and
1997. Based on the large number of deer harvested annually, the potential for hundreds of
thousands of discarded viscera and unrecovered deer carcasses on the landscape exists
(Warner et al. 2014).

Nationwide, 10-21% of eagle mortality is caused by lead toxicosis, with a noticeable increase
in the mortality beginning in October and peaking in December (Kramer and Redig 1997,
Strom et al. 2009, Stauber et al. 2010, IA DNR 2013). Lindblom et al (2017) found that due to
butchered remains being returned to the landscape, deer shot but not recovered by hunters,
and gut piles of harvested deer, there is a saturation of lead-tainted deer remains in early
winter and then again when snow melts in later winter/early spring. Yaw et al. (2017) found
higher blood lead levels in adult than in immature and juvenile birds with the highest levels
detected between October and January. Simon et al. (2020) found a higher percentage of lead
poisoned birds in Michigan eagles during the late winter and early spring. During the winter of
2011-2012, Warner et al. (2014) found elevated lead levels in 60% (35/58) of bald eagles
collected from lowa, Minnesota and Wisconsin, with 40% in the lethal range (> 6 ppm in the
liver; Warner et al. 2014).

In an examination of discarded viscera of deer harvested with lead ammunition, Warner et al.
(2014) found detectable lead fragments in 36% of discarded gut piles, ranging from one to as



many as 107 fragments. Hunt et al. (2006) found that 94% of carcasses and 90% of 20 gut
piles of hunter harvested deer contained lead fragments.

Lead toxicosis in bald eagles has been documented since the late 1980’s in several long-term
studies (Table 4) and blood lead levels have been analyzed for lethal and sublethal levels in
live birds. Lindblom et al. (2017) analyzed blood in 55 eagles captured between December
1999 and January 2002 and found 73% of the samples positive for lead with 42% of the birds
having elevated exposure. Between 2004 and 2014, four rehabilitation facilities in lowa had
lead analysis performed on 273 bald eagles (209 blood samples, 59 livers, 5 bones). Half of
the birds had clinical or subclinical levels, and half had background or zero lead levels.
Radiographs were performed and 51% of the eagles that were negative for metallic opacities
in the digestive tract in the radiograph had subclinical to clinical lead levels, indicating they had
already passed the lead in the feces or ejected it in a pellet (Yaw et al 2017).

In Michigan, the 3 leading mortality factors diagnosed in bald eagles examined between 1987
and 2020 (n=1991) were: trauma (car; 33.1%), trauma (unspecified; 26.5%), and lead toxicosis
(12.1%; MI DNR unpublished data). In recent years, there has been a significant increase in
the proportion of traumatized and lead poisoned birds in eagles in the state (Simon et al.
2020).

While numerous studies have documented mortalities associated with lead exposure, the
sublethal impacts of lead on wildlife may not be fully understood. Long-term effects of sublethal
lead exposure can include reduced reproductivity and survival, which could potentially affect
vulnerable populations like the California condor (Glucs et al. 2020). Domenech et al. (2021)
found clinical exposure (> 60mg/dL) in 9 % and elevated blood lead (> 10mg/dL) in 94.5 %
(n=91) of captured, non-migratory golden eagle in western Montana. Previously Langner et al.
(2015) found clinical exposure in 10% and elevated blood lead levels in 58% (n=178) of
migratory golden eagles from western North America sampled from 2006 to 2012.

Table 4. Bald eagle mortality attributed to lead toxicosis by state and year

Years States or Region Lead toxicosis Source
diagnosed

1975-2013 Along 4 migratory 16% (n=2980) Russel and Franson
flyways of United 2014
States

1980-1995 Minnesota Raptor 21% (n=654) Kramer and Redig 1997
Center

1987-2020 Michigan 12% (n=1991) MI DNR unpublished

data

1988-1991 British Columbia, 14% (n=65) Elliott et al.1992
Canada

1996-2009 Minnesota Raptor 26% (n=1227) Cruz-Martinez et al.
Center 2012

2000-2007 Wisconsin 15% (n=583) Strom et al. 2009




2010-2015 Minnesota Raptor Henry 2016
Center 30% (n=600)

Lead toxicosis has been diagnosed in other scavengers associated with the consumption of
unrecovered game animals from hunting seasons. Carcasses containing lead peak during the
fall firearm season in the Upper Mississippi River Valley (Lindblom et al. 2017). Blood lead
levels were found to increase over the hunting season in ravens in Quebec (Legagneux et al.
2014). Craighead and Bedrosian (2008) found that during the hunting season, lead levels
spiked in the blood of ravens and eagles in Jackson Hole Valley. Domenech (2021) found
elevated blood lead levels in 94.5% (n=91) of golden eagles tested during the winter months
following the fall hunting season in western Montana. In a study of the African white backed
vulture (Gyps africanus), Garbett et al. (2018) found 30% of 66 birds tested had elevated blood
lead levels. The blood lead levels were highest during the hunting season and inside
designated hunting areas. It was estimated that 14 kg of lead could be available annually in
offal piles from recreational hunting and known poaching on private game farms.

PATHOLOGY, DIAGNOSIS, & TREATMENT

Clinical signs observed with lead toxicosis can be behavioral, neurological, physiological, and
biochemical. Behaviorally, the bird can display abnormal head and neck positions,
listlessness, gasping, loss of nerve response, difficulty feeding, mating, nesting, and caring for
their young, increased susceptibility to predation and starvation, increased susceptibility to
infection by disease and trauma caused by vehicles, powerlines, and traps, and impaired
hunting ability (consequently the birds scavenge for food). Neurologically the bird can have
permanent damage to the brain and nervous system, cerebral necrosis/swelling of the brain,
paralysis of legs and wings, loss of balance/muscle control/lack of coordination, convulsions
and tremors, and can become comatose. Lead dissolves in the acidic conditions found in bird
and mammal stomachs and then destroys the myelin sheath that insulates the nerve fiber
bundles (Hunting with Non-lead ammunition.org 2013). Physiologically lead can be rapidly
distributed throughout the circulatory system, accumulate in the kidneys, increase bone fragility
(fractures), suppress the immune system, be absorbed primarily via the gastrointestinal and
respiratory tracts, concentrate in the bones, blood, brain, kidneys, and liver because the lead
attaches to red blood cells, be stored in the bones and teeth for decades, permanently damage
the kidneys, heart, and reproductive organs, cause paralysis of the gastrointestinal tract, and
cause diarrhea and vomiting. Biochemically ionic lead is released by the grinding action and
the digestive acids in the gizzard/ventriculus, it substitutes for calcium and interferes with the
bodily functions that rely heavily on calcium activity (90% of lead is stored in bone), and
anemia develops due to lead interfering with the production of the oxygen carrying component
of the blood (hemoglobin).

Gross lesions observed during a postmortem examination are dependent on the course of the
disease, whether it is acute or chronic in nature. In acutely lead poisoned birds, there are no
visible lesions in the organs, the gall bladder may be enlarged with accumulated bile, the bird
is in good physical condition and there are a large number of lead pellets, lead fragments,
sinkers and/or jigs in the gizzard or ventriculus. In chronically lead poisoned birds, the bird is
emaciated (poor physical condition) with a prominent keel, atrophied breast musculature, and
no fat deposits present, an impaction of the esophagus/gizzard may occur, submandibular
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edema (Canada geese) may be seen, and an engorged gall bladder (filled with bile), bile
staining of the gizzard or ventriculus lining and the intestinal contents, and pale areas in the
musculature of the heart and the gizzard are often observed. In a retrospective study of bald
eagles collected between 1975 and 2013, Manning et al. (2018) examined the tissues from 93
lead poisoned eagles grossly and histologically. On gross examination, multifocal myocardial
pallor and rounding of the apex were most commonly observed in heart tissue (51/93 birds)
and petechiae or hemorrhagic necrosis were most commonly observed in brain tissue (13/93
birds). Histologically, lesions were observed in the heart (76/93), the brain (59/93), and the
eyes (24/87).

Diagnosis of lead toxicosis is accomplished grossly and through analytical testing. Grossly, by
the observation of lead pellets, fragments, sinkers, and/or jigs in the digestive tract during
necropsy and/or by radiographic or fluoroscopic examination of the carcass and analytically by
testing the blood, liver, or kidneys. Toxic levels for these three specimens are: 0.2 ppm for
blood, 5 ppm wet weight for liver, and 5 ppm wet weight for kidney (20 ppm dry weight.; EPA
1994, Schuehammer et al. 2003, Slabe et al. 2020). The liver from a dead bird is usually the
tissue of choice to be analytically tested.

In the event that lead toxicosis is detected in a live bird (usually from having a blood sample
analyzed for lead), treatment can occur. Treatment normally consists of administering an
injectable chelating agent, calcium ethylene diamine tetra-acetic acid (CaEDTA) at a dose of
35 mg/kg (for raptors) intravenously, intramuscularly or subcutaneously in three to four day
cycles (three to four days of treatment, two to three days of rest; Carpenter 2005). An oral
chelating agent, meso 2,3-dimercaptosuccinic acid (DMSA) is an alternative to using CaEDTA
and although more expensive, is preferred as it has been shown to have fewer adverse effects
(Carpenter 2005). A 25-35 mg/kg oral dose (for raptors) of DMSA is given for five consecutive
days (with two days of rest) and repeated for two to four weeks (Carpenter 2005). The
chelating agents bind to the metal ions, neutralizing the lead and resulting in diminished lead
activity. Chelation treatment can be used in lead and mercury toxicosis cases. Chelation
therapy can have adverse effects on birds, causing primarily kidney damage, which can result
in death.

AMMUNITION

Prior to the 1890’s, bullets were made entirely of lead and had slow velocities and low
fragmentation tendencies. In the 1890’s the development of smokeless powder allowed
increased bullet velocities (2000 ft./sec) causing lead bullets to melt, fouling the barrel, and
reducing accuracy (Batcheller 2012). In order to solve this problem, manufacturers produced
copper jacketed lead core bullets (rapid expansion jacketed lead bullets) which permitted
higher velocities (3000-4000 ft./sec) (Stroud and Hunt 2009). These bullets were malleable,
which allowed for greater expansion on impact, thereby increasing their lethality, and
eliminated fouling of the gun barrel. Copper jacketed bullets travelled at speeds conducive to
fragmentation (retained less than half their original mass and fragments travelled 2 to 18
inches (50 to 472 mm) from the wound channel) (Batcheller 2012). Plastic tipped “hollow point”
bullets (varmint loads) were designed to completely fragment (Stroud and Hunt 2009). Another
type of copper jacketed lead bullet, the controlled expansion bullet, retained up to 90% of its
original mass (Cornicelli and Grund 2009).
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Alternative (non-toxic) bullets consist of copper or guilding metal (95% copper, 5% zinc). In
the 1980’s Barnes Bullets manufactured 100% copper bullets for big game hunting in Africa.
The properties of these bullets were: a consistent, controlled and rapid expansion, weight
retention, deep penetration, greater accuracy because the ballistics were better than lead (95-
100% of the mass is retained), lighter weight than lead resulting in a higher overall velocity
(3200 ft./sec), fragmentation was considerably less than lead with the bullet usually peeling
back (flower petal pattern) and remaining completely intact, better killing power (the bullet
penetrated deeper causing a larger wound channel), ease of reloading, no fouling of the barrel
or special cleaning required (due to bullet relieve grooves/annular rings), and no contamination
of the environment, other animals, or game meat with a toxic substance (Batcheller 2012,
Caudell et al. 2012, ECCC 2018a).

Lead shotgun slugs, muzzleloading round balls, buckshot, and rim fire cartridges have slower
velocities and a resultant lower fragmentation (they retain greater than 90% of their original
mass and the resultant fragments are fewer and larger) (Cornicelli and Grund 2009). Copper
slugs are similar to copper bullets and retain nearly all of their mass with very little
fragmentation occurring.

Copper or guilding metal bullets are available in 35 calibers and 51 rifle cartridge designations
and most, if not all, of the major ammunition manufacturers produce these alternative non-toxic
cartridges. Prices vary, but copper bullets and a premium lead-based copper jacketed bullet
are comparably priced. Non-toxic 22 caliber ammunition is difficult to find and the bullets that
have been on the market in the past have performed poorly and they were discontinued. The
22-caliber ammunition that is currently available and performs well is the CCI Copper 22
(Stake 2019).

Copper bullet usage has been questioned by personnel of USDA-APHIS-Wildlife Services
because of limitations of alternative forms of ammunition for wildlife damage management. A
review of lead-free bullet technologies and research indicated that there was a reduced
theoretical precision of lead-free bullets due to a mismatch between bullet length and twist rate
of the rifle barrel, lower performance at greater range compared with lead-based bullets, and a
greater chance of bullets passing through targets and striking a non-target object or animal
(Caudel et al. 2012).

Alternative non-toxic shotgun shells have been available for several years and ammunition
manufacturers have developed numerous shells containing 1 to 4 non-toxic metals. Steel shot
is the most common non-toxic alternative produced but metal combinations with bismuth or
tungsten are also readily available. Conversion from lead shot to steel shot required that
design changes be made in the pellet size, propellant, and wad, and that hunting techniques
change. Steel shot is 30% lighter than comparably sized lead shot (it is necessary to increase
the size (2 sizes) of the steel pellets to compensate for steel's lower density), is harder than
lead, requires a rigid plastic wad to prevent barrel scoring, requires an increased and slower
burning propellant charge and a magnum primer to retain velocity, and requires a heavier load
to compensate for a decreased pellet count due to the shot size (Scheuhammer and Norris
1995, Tsuji et al. 1998). A more open choke (improved cylinder) needs to be used because of
the tighter pattern. Hunting techniques need to change when steel shot is used and doing so
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makes for comparable crippling rates to lead shot. Steel shot should not be used in older
models of shotguns or in guns with tight chokes due to increased pressure with steel shot
loads (a ring-bulge will be the result). Prices for lead and steel loads are comparable, initially
steel loads were considerably higher but with increased demand, the prices have been
reduced over time.

Bismuth and tungsten loads more closely simulate lead and lead’s killing power, with the
newer heavy loads outperforming lead shot. Tungsten has been shown to be toxic to soil
microorganisms and earthworms because it acidifies the soil (Modern Hunters 2014).Bismuth
is more dense than steel, is less expensive than tungsten, and is less toxic than lead and likely
less than tungsten (Modern Hunters 2014). The new alloys are more expensive, in most cases
being at least 2-3 times the cost of lead or steel.

FISHING TACKLE

At the same time ammunition manufacturers were making non-toxic alternative projectiles, the
fishing tackle manufacturers were developing and producing a variety of alternative non-toxic
material for use in sinkers, and to some extent, jigs. Tin, steel, tungsten, and bismuth are the
most popular alternative materials but iron, brass, ceramic, glass, rock/clay, pewter, and zinc
have also been used. Tin is the best alternative material for a number of reasons. It is available
in most sinker styles and sizes, is malleable (soft), has a lower density than lead (1 size larger
than lead is equal in weight), has a slower sink rate (weighs 36% less than lead), is easy to
cast, has a lower melting point than lead, and its manufacturing cost is similar to lead, although
there is a large cost differential in raw materials (Sternberg 2003). Steel is the next most used
alternative and the properties that make it an attractive alternative is that it makes noise
(attracts fish), is larger, sizes and costs are comparable to lead, and is harder than lead,
therefore being less likely to catch on rocks (TWS 2008). Tungsten is the next best alternative
and the properties that make it an attractive alternative are that it has a high melting point and
is 70% heavier than lead (Sternberg 2003). The shortcomings of tungsten are that it can’t be
used for jig heads, requires a plastic sleeve (otherwise it will cut the fishing line), and is
considerably more expensive than lead. The next best alternative to lead fishing tackle is
bismuth. Bismuth weighs 14% less than lead, is harder than lead and therefore is less likely to
catch on rocks, expands on cooling, and is a relatively common alternative for jig and spinner
bait production (Sternberg 2003). The shortcomings of bismuth are that it is very brittle and
can’t be crimped, is difficult to mold, and is not available in split shot. All of the alternative non-
toxic metals that can be used for fishing tackle are more expensive than lead with steel being
the most comparable. The majority of manufacturers of non-toxic sinkers are in the United
States (Sanborn 2002, Scheuhammer et al. 2003).

The economics involved in the purchasing of ammunition and fishing equipment must be
considered when there are discussions of switching from lead to non-toxic alternatives.
Ammunition and fishing tackle manufacturing companies are concerned with the added costs
that would be necessary to convert from lead to non-toxic materials. Their concerns are there
would be increased manufacturing costs, an expense involved with retooling, there could be a
scarcity of raw materials, the cost of the raw materials would increase, and there would be an
inability to sell current lead inventories. The increased costs to the manufacturers would be
passed along to the hunter and the angler, increasing the cost of equipment needed to
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participate in these recreational activities and would perhaps deter individuals from
participating. However, these increased costs are negligible in relation to the overall costs of
participating in these activities. Switching to non-toxic alternatives from lead shot and fishing
tackle represents only a 1-2% increase in a hunter’s yearly expenses and less than a 1%
increase in an angler’'s yearly expenses (Scheuhammer and Norris 1995, Scheuhammer et al.
2003). Conversion to non-toxic materials would also eliminate the cottage industry, the making
of sinkers and jigs by individuals, which can cause exposure to lead.

As was seen with non-toxic shotgun shells, as more companies manufacture non-lead
alternatives and a market develops, as the technology improves, and as there is an increase in
product diversity, prices will become lower due to consumer demand. Because conversion to
non-toxic alternative ammunition and fishing tackle is such a contentious subject it is unlikely
that there will be either state or federal legislative action mandating these changes, and even
less likely that such legislation would pass. A more likely option is to undertake voluntary
programs. Federal and state Wildlife and Fisheries agencies can communicate to hunters and
anglers the importance of using non-toxic materials, not just because they are better for the
environment, but in many instances, they perform better than lead. Steel shot is required for
waterfowl hunting but its use for upland game birds and small game could also be
recommended. In a double-blind study using 53 volunteer hunters, Pierce et al. (2014)
compared lead and steel shot for mourning dove harvest and found steel ammunition did not
impact hunter satisfaction, number of doves bagged per shot, wounded per shot, bagged per
hit, or wounded per hit. Using copper bullets instead of copper jacketed lead bullets could be
encouraged as there are distinct advantages with copper such as it having a better killing
efficiency due to the lack of bullet fragmentation and a resultant larger wound channel.
Converting from lead to non-toxic fishing tackle could be encouraged in a variety of ways.
Agencies could establish programs to exchange non-toxic tackle for lead tackle, establish
informational campaigns introducing anglers to non-lead alternatives, communicate to anglers
the toxicity of lead in the aquatic environment, request businesses carry non-lead sinker and
jig alternatives, by encouraging the oultfitting of children’s tackle boxes with non-lead tackle,
recommend usage of non-lead alternative tackle in state agency sponsored youth fishing
programs, offer free non-toxic alternative samples at state fish and wildlife agency offices,
state fish hatcheries, select state parks and federal fish hatcheries, dispose of lead sinkers and
jigs at local hazardous waste collection sites, and recover snagged tackle.

Because ammunition and fishing tackle manufacturers have developed non-toxic alternatives
for lead, the necessity for using lead components for hunting and fishing activities has been
questioned by many individuals and organizations. As a result, banning or phasing out lead
usage in hunting and fishing activities in North America have been proposed, either voluntarily
or legislatively.

REGULATIONS, POLICIES, AND POSITION STATEMENTS
A number of countries have addressed the phasing out or banning of lead ammunition in their
countries. In 2015, Stroud reported as many as thirty-three nations had passed national or

regional legislation requiring use of non-lead shotgun ammunition primarily for hunting in
wetlands or hunting certain waterfowl species (Stroud 2015).
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Norway established a non-toxic shot requirement for waterfowl hunting in 1991, and a
nationwide ban on hunting with lead in 2005. In 2015 the restriction was repealed on non-
wetland areas (Thomas 1997, King 2015, Goodnight 2016, GWCT 2019). Lead shot is banned
in England and Wales on or over any area below the high-water mark and in Scotland and
Northern Ireland on or over all wetland areas. Denmark (1996), the Netherlands, the Flemish
region of Belgium, and Sweden (2008) require lead free ammunition for all forms of hunting
and shooting (Thomas 1997, Government of Canada 2018a, GWCT 2019, Thomas 2019).
Australia and Germany have lead-free shot restrictions in small areas where either the
prevalence of lead toxicosis of waterfowl exceeds an arbitrary level or where contamination of
groundwater is likely (Thomas 1997).

In 2004, the European Commission of the European Union, ordered a study exploring the
consequences that might be expected from a restriction on the use of lead in fishing weights,
ammunition, and candle wicks and did not consider there to be sufficient reason for restriction
(ECCC 2018b). In 2013, the Agreement on the Conservation of African-Eurasian Migratory
Waterbirds (AEWA) stated that the “parties should endeavor to phase out the use of lead shot
for hunting in wetlands and the use of lead fishing weights as soon as possible (ECCC 2018b).

Resolutions have been introduced to exhort party nations to proceed toward eliminating lead
ammunition use by the United Nations Convention on Migratory Species (CMS) Resolution
11.15in 2014 and by the United Nations Environment Programme (UNEP) in 2017 (Thomas
2019).

In 2015, the International Union for Conservation of Nature and Natural Resources (IUCN)
adopted a policy encouraging governments that are Party to the Convention on Migratory
Species to implement lead ammunition restrictions and to those that are non-Party to the
Convention on Migratory Species to phase-out, where feasible, lead ammunition in areas
where scavengers are at risk. They also encouraged IUCN members to work with relevant
stakeholders to assess the feasibility of the phasing out of lead ammunition used for hunting,
to work toward replacement with suitable alternatives, and to develop communication plans
about lead ammunition and its alternatives (IUCN 2016).

In 2018, the European Chemicals Agency of the European Union (ECHA) recommended that
measures were needed to regulate the use of lead ammunition in terrestrial environments in
addition to those proposed for wetlands (Thomas 2019). Additionally, the ECHA through its
committee for Socio-economic Analysis adopted its final opinion to restrict lead and its
compounds in gunshot for shooting over wetlands and wetland fall-out zones (Thomas 2019).

In a letter to the Minister of Environment and Climate Change in 2018, various First Nations
Organizations requested that the Canadian government eliminate the use of lead shot and
ammunition, creating an action plan to phase out the use of lead ammunition and fishing gear.
They asked that the government respect the scientific evidence that the use of lead
ammunition and fishing gear is causing serious harm to the health wildlife. This letter was
endorsed by 33 organizations and 53 individual scientists, health professionals and
environmentalists (Ruff 2018).
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In the U.S., due to concern by state agencies of lead toxicosis being seen in their wildlife, 35
states have imposed restrictions requiring the use of non-toxic ammunition (beyond non-toxic
shot for waterfowl), ranging from use on specific lands to use for designated species (Hunting
with non-lead.org 2013). Twenty-one states require non-toxic ammunition in specific areas,
such as state managed lands and wildlife refuges (Goodnight 2016). Non-toxic ammunition is
required in 11 states for snipe, rail, moorhens, gallinules, and/or sora, 8 states for migratory
birds, and 6 states for dove hunting on public, state-managed areas and/or Federal Wildlife
Refuges. Pennsylvania requires non-toxic ammunition in the hunting of wild turkeys and crows.
In Michigan, on 12 State Game or Wildlife Areas non-toxic shot is required on all or a portion of
the property (Earl Flegler, Ml DNR, personal communication). Five Waterfowl Production
Areas in Michigan administered by the U.S. Fish and Wildlife Service have lead-free
requirements as well (Eric Dunton, USFWS, personal communication). In 2007, the Ridley-
Tree Condor Preservation Act required the use of non-lead centerfire rifle and pistol
ammunition when taking big game and coyote within specified areas of condor habitat in
California (ECCC 2018a). In 2013, California passed Assembly Bill 711, which required the
use of non-lead ammunition for hunting all wildlife with any firearm, effective no later than July
1, 2019 (CA DFW 2021). These regulations were implemented in 3 phases: phase 1 (effective
July 1, 2015) required use of non-lead ammunition on all California Department of Fish and
Wildlife property and for hunting bighorn sheep; phase 2 (effective July 1, 2016) required use
of non-lead ammunition for hunting upland game birds with a shotgun (except dove, quail,
snipe, or for birds taken on a licensed game bird club), and phase 3 (effective July 1, 2019)
required non-lead ammunition for all wildlife taken for any purpose in California (CA DFW
2015).

Foreign countries, Canadian provinces, and states in the United States have also been
concerned with lead toxicosis in wildlife attributed to fishing tackle and many have passed
legislation making the sale and/or use of lead tackle illegal. In 1987, Great Britain banned lead
sinkers 1 ounce or less in weight and in 2002 Denmark banned lead products for use in fishing
(Michael 2006). Sweden has established voluntary restrictions on lead sinkers and jigs (ECCC
2018b).

In 1997 Environment Canada and Parks Canada prohibited the possession of lead sinkers
1.76 ounces or less and less than 2 cm in length on National Wildlife Areas and National Parks
(Government of Canada 2018c). As of 2011, the USFWS had banned the use of lead fishing
tackle in Yellowstone National Park and on 13 National Wildlife Refuges (including Seney
NWR in Michigan) where trumpeter swans and common loons are likely to be impacted
(USFWS 2011). A number of states (New Hampshire, Massachusetts, Maine, New York,
Vermont, and Washington) have passed legislation prohibiting the sale and/or use of sinkers
one ounce or less and/or 1.5 inches or less on designated areas or statewide (University of
Vermont 1999, NY DEC 2012, Maine Senate Democrats 2013, NH FGD 2013, WA DFW 2021,
MA DFG 2021).

Regulating lead ammunition and fishing tackle in the United States at the national level has
been controversial. In 1994, the U.S. legislature proposed a ban on the manufacture,
processing, and distribution of lead and zinc sinkers and a bill was introduced but not passed.
In 2010 and 2012, petitions were submitted to the Environmental Protection Agency (EPA) to
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ban the production and sale of lead-based fishing tackle, regulated under the Toxic
Substances Control Act (TSCA). Both petitions were denied.

On June 26, 2015, the FY2016 Interior and Environmental Appropriations Bill included a
provision that blocked the U.S. EPA from regulating lead in ammunition and fishing tackle. This
bill passed (EMS Resources). On January 19, 2017, the last day of President Barack Obama’s
administration, the Director of the U.S. Fish and Wildlife Service, Daniel Ashe announced
Director’s Order No. 219. This order established procedures which required the use of non-
toxic ammunition and fishing tackle to the fullest extent practicable. It established a timeline
(January 2022) for expanding the use of non-toxic ammunition and fishing tackle on U.S. Fish
and Wildlife Service lands, waters, and facilities and for certain types of hunting and fishing
regulated by the Service outside of Service lands, waters, and facilities (USFWS 2017a).
Order No. 219 was overturned on March 2, 2017 by the newly confirmed Secretary of the
Interior Ryan Zinke of President Donald Trump’s Administration (USFWS 2017b).

Some federal and state agencies have established restrictions concerning the use of lead
ammunition by their personnel and cooperators in culling operations and in euthanizing sick
animals. In 2010, the Wisconsin Department of Natural Resources established a Department-
wide Lead Action Plan which included the use of non-toxic shot and non-lead bullets in animal
control and euthanasia situations, the conversion to non-lead ammunition for Law Enforcement
Division programmatic activities and reducing the amount of lead in angler education and
tackle loan programs (WI DNR 2010). In 2013, the United States Department of Agriculture,
Wildlife Services recommended using non-lead ammunition whenever possible in their culling
operations, with there being some cases where state agencies required it (Dave Marks, USDA,
APHIS, WS, personal communication). In 2013, the former Assistant Chief of the

Michigan Department of Natural Resources, Wildlife Division, Doug Reaves, issued internal
guidance requiring personnel to use non-toxic ammunition for firearm training and for the
euthanasia of sick/injured wildlife.

A number of organizations have issued official position statements or policies on the use of
lead ammunition and/or fishing tackle:

e American Association of Avian Veterinarians: Lead-based Sporting Ammunition and
Fishing Tackle

e American Fisheries Society: Lead in Sport Fishing Tackle

e American Sportfishing Association: The Practical Impacts of Banning Lead Sinkers for
Fishing

e American Veterinary Medical Association: AVMA Policies: Lead

e The Canadian Veterinary Medical Association: Use of Lead Fishing Sinkers and Lead
Shot in Canada

e The Humane Society of the United States: Statement on Wild Animals: Hunting
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https://www.aav.org/page/leadbasedammo?&hhsearchterms=%22lead%22
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https://fisheries.org/policy-media/policy-statements/
https://keepamericafishing.org/wp-content/uploads/2016/04/ASA_Lead_Position_6_2011_000.pdf
https://keepamericafishing.org/wp-content/uploads/2016/04/ASA_Lead_Position_6_2011_000.pdf
https://www.avma.org/resources-tools/avma-policies/lead
https://www.canadianveterinarians.net/documents/use-of-lead-fishing-sinkers-and-lead-shot-in-canada
https://www.canadianveterinarians.net/documents/use-of-lead-fishing-sinkers-and-lead-shot-in-canada
https://www.humanesociety.org/our-policies

e North American Falconer’s Association: Lead in Hunting Ammunition and Fishing
Tackle

e Raptor Research Foundation: Position Statements on Lead in Ammunition

e The Wildlife Society: Lead in Ammunition and Fishing Tackle

In 2013, 30 nationally and internationally known scientists considered experts in the fields of
lead and environmental health in the United States, Canada, and England, issued “A
Consensus Statement of Scientists” concerning lead toxicosis. In the statement these experts
stated that: “lead is toxic across different vertebrate organisms, that lead-based ammunition is
likely the greatest largely unregulated source of lead knowingly discharged into the
environment in the United States, that the discharge of lead-based ammunition and the
accumulation of spent lead-based ammunition in the environment poses significant health risks
to wildlife... and that based on overwhelming evidence for the toxic effects of lead in wildlife...
and the availability of non-lead alternative products for hunting, we support reducing and
eventually eliminating the introduction of lead into the environment from lead-based
ammunition” (Bellinger et al. 2013).

In 2014, a collaboration of European scientists issued a similar statement on the risks of lead-
based ammunition to wildlife (Bernhoft et al. 2014). In 2015 the Native American Fish and
Wildlife Society approved a resolution supporting tribal efforts to “reduce, prohibit or seek
alternatives to lead based ammunition for taking wildlife on tribal lands (NAFWS 2015).

Through the years there have been numerous professional (peer reviewed) publications, as
well as articles in the popular press, confirming the toxic properties of lead and of the wildlife
mortality that occurs annually from consuming lead pellets, lead bullet fragments, or lead
sinkers and jigs. In most instances populations of animals that experience mortality due to lead
toxicosis are not affected, only individual animals. As was stated earlier, there are however
species, such as the California condor, trumpeter swan, common loon, and bald eagle that,
because of their life histories, could experience population level effects by a relatively small
number of individuals dying from lead toxicosis. The North American Model of Wildlife
Conservation (USFWS 2018) emphasizes management of the population rather than the
individual and addressing lead toxicosis mortalities in these species shows that individuals do
need to be considered when looking at the population as a whole.

In 2010, the Association of Fish and Wildlife Agencies (AFWA) stated “Decisions related to
future regulation of lead ammunition and lead fishing tackle should be based on the best
available science related to wildlife population health”. They also stated that “state agencies
should focus regulation efforts where population-level impacts to wildlife are substantiated.”
(AFWA 2010). In 2015 in a Report to the Directors, the AFWA Lead and Fish and Wildlife
Health Working Committee stated “Education and awareness is an excellent first step for the
states, before a national policy or mandate emerges.” (AFWA 2015).

In 2019, the first steps to establish a joint partnership between agencies and organizations
were taken. The Midwest Association of Fish and Wildlife Agencies (MAFWA) Fish and Wildlife
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https://soarraptors.org/2015/02/position-statements-on-lead-in-ammunition/
https://wildlife.org/tws-position-statement-lead-in-ammunition-and-fishing-tackle/

Health Committee highlighted a presentation by the North American Non-Lead Partnership
(NANP); a collaborative hunter-led initiative designed to engage stakeholders and encourage
the use of non-lead ammunition. Later in 2019 the Northeast Association of Fish and Wildlife
Agencies Inc. joined the NANP (NEAFWA Resolution 2019). During the summer of 2020, the
Midwest Fish and Wildlife Health Committee encouraged the MAFWA directors to join the
NANP and to adopt the resolution at their annual meeting later in 2020 (MAFWA 2020a). At
the October meeting, MAFWA Directors voted unanimously to join the NANP (MAFWA 2020b)
and have encouraged member states and provinces to do the same.

CONCLUSION

The toxic properties of lead have been well documented, leading to the ban of lead in a
number of products in the late 1970’s. In the 1990’s due to losses of waterfowl, lead was
banned in shot used in waterfowl hunting. Wildlife mortality due to lead toxicosis is still
occurring; in Michigan documented mortalities occur mostly commonly in bald eagles, common
loons, trumpeter swans, and tundra swans. Mortalities from lead toxicosis in wildlife are likely
underreported and do not account for the sublethal effects of lead exposure, which may impact
reproductive success and survival. While population level impacts have not been observed in
Michigan species, some of the species affected by lead may be vulnerable to the impacts of
increased morbidity and mortality. These are species that due to their life histories, may be
more sensitive to added anthropogenic mortality factors after already suffering the effects of
human expansion and habitat loss, and vehicular, powerline and windmill trauma. Of all of
these sources, encouraging the switch to non-lead ammunition and fishing tackle is likely the
area where state agencies can have the most impact.

The challenges in addressing the issues around lead are primarily due to the philosophical
differences of the organizations involved, and discussions about lead, lead toxicosis and non-
toxic alternatives are often overshadowed by hunting vs. anti-hunting stances and 2nd
amendment rights. Communication and compromise between the two sides needs to occur in
order to move forward on the lead/non-toxic metals discussion. In order to maximize
communicating the positive attributes of non-toxic material usage in hunting and fishing
activities, it is critical that all concerned parties are involved. A cooperative campaign needs to
include wildlife and fisheries researchers and managers, veterinarians, rehabilitators, and
manufacturers and retailers. Involving all of these interests will allow for a more successful
program to be established to inform consumers of the non-toxic alternatives.

State wildlife agencies have the opportunity and the responsibility to lead by example by
utilizing lead alternatives in their practices and by encouraging their constituents to do the
same. Educational campaigns are likely to be more palatable than legislative change and
providing a comprehensive source of scientific information will allow for constituents to make
informed decisions when choosing ammunition and fishing tackle.
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