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Chapter 43

Lead
Synonym
Plumbism

Lead poisoning of waterfowl is neither a new disease nor a
subject without controversy. The use of lead shot for water-
fowl hunting within the United States has been prohibited
and efforts are underway to ban the use of lead fishing sink-
ers and prohibit the use of lead shot for nonwaterfowl hunt-
ing. The first documented reports within the United States
of lead-poisoned waterfowl were from Texas in 1874. Nu-
merous other reports and studies added to those findings
during the years and decades that followed. However, strong
opposition to nontoxic shot requirements prevented full
implementation of them until 1991. A full transition to non-
toxic shot shells for all hunting and to nontoxic fishing sink-
ers and jig heads for fishing within the United States will not
happen easily. The continued use of lead shot and lead fish-
ing weights and the large amounts of these materials previ-
ously deposited in environments where birds feed assure that
lead poisoning will remain a common bird disease for some
time.

Cause
Lead poisoning is an intoxication resulting from absorp-

tion of hazardous levels of lead into body tissues. Lead pel-
lets from shot shells, when ingested, are the most common
source of lead poisoning in birds. Other far less common
sources include lead fishing sinkers, mine wastes, paint pig-
ments, bullets, and other lead objects that are swallowed.

Species Affected
Lead poisoning has affected every major species of

waterfowl in North America and has also been reported in a
wide variety of other birds. The annual magnitude of lead
poisoning losses for individual species cannot be precisely
determined. However, reasonable estimates of lead-poisoning
losses in different waterfowl species can be made on the
basis of mortality reports and gizzard analyses. Within the
United States, annual losses from lead poisoning prior to the
1991 ban on the use of lead shot for waterfowl hunting were
estimated at between 1.6 and 2.4 million waterfowl, based
on a fall flight of 100 million birds. Followup studies have
not been conducted since the ban on lead shot to determine
current losses from lead poisoning. This disease still affects
waterfowl and other species due to decades of residual lead
shot in marsh sediments, continued deposition from allow-
able use of lead shot during harvest of other species, non-
compliance with nontoxic shot regulations, target shooting

over areas where birds may feed, and from other sources of
lead.

Lead poisoning is common in mallard, northern pintail,
redhead, and scaup ducks; Canada and snow geese; and tun-
dra swan. The frequency of this disease decreases with in-
creasing specialization of food habits and higher percent-
ages of fish in the diet. Therefore, goldeneye and merganser
ducks are seldom affected (Fig. 43.1). A surprising recent
finding has been lead poisoning in spectacled and common
eiders on their Alaskan breeding range, where the intensity
of hunting is far less than in the contiguous 48 States. These
findings demonstrate that lead poisoning can afflict birds even
without heavy hunting pressure. Among land birds, eagles
are most frequently reported dying from lead poisoning
(Fig. 43.2). Lead poisoning in eagles and other raptors gen-
erally is a result of swallowing lead shot embedded in the
flesh of their prey. With the exception of waterfowl and rap-
tors, lead poisoning from ingesting lead shot is generally a
minor finding for other species (Table 43.1). However, lead
poisoning has been reported in partridge, grouse, and pheas-
ants subjected to intensive shooting in uplands of Europe.
Lead poisoning in pheasants in Great Britain was reported
as early as 1875.

Lead poisoning due to ingesting lead fishing weights has
been reported in numerous species. The greatest number of
reports are from swans as a group, common loon, brown
pelican, Canada goose, and mallard duck (Fig. 43.3). Laysan
albatross chicks on Midway Atoll suffer high lead exposures
and mortality from ingesting lead-laden paint chips flecking
off of vacant military buildings (Fig. 43.4).

Distribution
Losses occur coast-to-coast and border-to-border within

the United States. Documented lead poisoning in birds var-
ies widely between States and does not necessarily reflect
true geographic differences in the frequency of occurrence
of this condition. For example, although the geographic dis-
tribution of lead poisoning in bald eagles is closely associ-
ated with their wintering areas, the number of lead poisoning
cases from Wisconsin and Minnesota is disproportionately
high. Because submission of bald and golden eagles for ex-
amination from different areas is highly variable, no direct
comparison can be made between States regarding the num-
ber of lead-poisoned eagles (Fig. 43.5A). The reported dis-
tribution of lead poisoning in eagles and waterfowl depends
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Ducks
Puddle ducks

Bay diving ducks
Teal, shoveler, wood ducks

Sea ducks
Mergansers

Whistling ducks

Geese
Canada goose

Snow and Ross' geese
Brant and other geese

Swans

Tundra swan
Mute swan

Other swans

1Mortality frequently reported
Mortality commonly reported

2Mortality occasionally reported
3Mortality rarely reported

1Including individual die-offs of hundreds to thousands of birds
2Lead shot ingestion studies generally indicate low levels of exposure to lead shot
3Lead shot ingestion studies genreally indicate little or no lead shot ingestion

on the numbers of birds submitted for complete disease di-
agnostic evaluations. In areas where few birds are examined,
the frequency of lead poisoning and other diseases will be
underestimated. Even where many bird carcasses are ad-
equately evaluated, the number of diagnoses made reflects
minimum numbers of lead-poisoning cases. The general dis-
tribution of this disease in waterfowl on the basis of lead
shot-ingestion surveys and documented mortality prior to
nontoxic shot requirements is shown in Fig. 43.5B.

Lead poisoning has also been reported as a cause of mi-
gratory bird mortality in other countries (Fig. 43.6). Several
of these countries have implemented nontoxic shot require-
ments and several others are beginning to address this issue.

Seasonality
Birds can can die from lead poisoning throughout the year,

although birds are most often poisoned by lead after the

waterfowl hunting season has been completed in northern
areas and during the later part of the season in southern areas
of the United States. January and February are peak months
for cases in tundra swans, Canada geese, and puddle ducks.
Spring losses are more commonly reported for diving ducks.
Tundra swans are also frequently lead poisoned during spring
migration.

Field Signs
Lead-poisoned waterfowl are often mistaken for hunting

season cripples. Special attention should be given to water-
fowl that do not take flight when the flock is disturbed and
to small groups of waterfowl that remain after most other
birds of that species have migrated from the area. Lead-
poisoned birds become reluctant to fly when approached and
those that can still fly are often noticeably weak flyers —
unable to sustain flight for any distance or flying erratically

Figure 43.1 Relative occurrences of lead shot poisoning in North American
waterfowl.
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Raptors
Bald eagle

Golden eagle
Hawks

Owls

Water birds
Coots and rails

Shorebirds
Cranes

Gulls
Other species

Upland gamebirds

Pheasant and quails
Doves

Turkeys and grouse
Woodcock

Mortality frequently reported
Mortality commonly reported

1Mortality occasionally reported
2Mortality rarely reported

1Lead shot ingestion studies generally indicate low levels of exposure to lead shot
2Lead shot ingestion studies genreally indicate little or no lead shot ingestion

and landing poorly. Birds that attempt to escape pursuit by
running may exhibit an unsteady gait. In lead-poisoned
Canada geese, the head and neck position may appear
“crooked” or bent during flight; a marked change in the tone
of call is also sometimes evident in this species. As the dis-
ease progresses and waterfowl become flightless, the wings
are held in a characteristic “roof shaped” position (Fig. 43.7),
which is followed by wing droop as the birds become in-
creasingly moribund (Fig. 43.8). Fluid may discharge from
the bill and often a bird may not attempt to escape in the
presence of humans.

Lead-poisoned waterfowl are easily captured during ad-
vanced stages of intoxication (Fig. 43.9). Because severely
affected birds generally seek isolation and protective cover,
well-trained retrieving dogs can help greatly to locate and
collect these birds. An abundance of bile-stained feces on an
area used by waterfowl (Fig. 43.10) is suggestive of lead

poisoning and warrants ground searches even if other field
signs have not been observed. Green-colored feces can also
result from feeding on green wheat and other plants, but the
coloration is somewhat different.

 Gross Lesions
Lead-poisoned waterfowl are often emaciated because of

the prolonged course of the illness and its impact on essen-
tial body processes. Therefore, many affected birds appear
to be starving; they are light in weight, have a “hatchet-breast”
appearance (Fig. 43.11), and the undersurface of their skin
is devoid of fat (Fig. 43.12). The vent area of these birds is
often stained with a bright green diarrhea (Fig. 43.13). The
heads of Canada geese may appear puffy or swollen because
serum-like fluids accumulate in the tissues of the face
(Fig. 43.14).

 Lesions observed at necropsy of lead-poisoned birds that

Figure 43.2 Relative occurrence of lead shot poisoning in groups of birds
other than waterfowl.
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Table 43.1 Documented North American cases of lead poisoning in free-ranging nonwaterfowl species.

Nonendangered species

Upland gamebirds
Ring-necked pheasant Hungarian partridge Bobwhite quail Scaled quail
Wild turkey Mourning dove

Raptors
Golden eagle Northern harrier Rough-legged hawk
Red-tailed hawk Prairie falcon Turkey vulture

Wetland birds
Common loon Double-crested cormorant Greater sandhill crane Lesser sandhill crane
White pelican American coot Royal tern Flamingo
Great blue heron White ibis Great egret Snowy egret
Sora rail American avocet Black-necked stilt Marbled godwit
Pectoral sandpiper Western sandpiper Long-billed dowitcher Laughing gull
Herring gull Glaucous-winged gull California gull Laysan albatross1

Endangered species

California condor Brown pelican Whooping crane2

Bald eagle Mississippi sandhill crane Peregrine falcon

1The cause of poisoning was ingestion of paint chips rather than lead shot, bullets, or fishing tackle.
2The cause of poisoning was particulate lead of unknown origin but not lead shot or fishing tackle.

have died after a prolonged illness generally consist of the
following:

1. Severe wasting of the breast muscles (Fig. 43.11).
2. Absent or reduced amounts of visceral fat
(Fig. 43.12).
3. Impactions of the esophagus or proventriculus in
approximately 20–30 percent of affected waterfowl.
These impactions may contain food items, or combi-
nations of food, sand, and mud. The extent of impac-
tion may be restricted to the gizzard and proventricu-
lus, extend to the mouth, or lie somewhere in between
(Fig. 43.l5).
4. A prominent gallbladder that is distended, filled with
bile, and dark or bright green (Fig. 43.l6).
5. The normally yellow gizzard lining is discolored a
dark or bright green (Fig. 43.l7). Gizzard contents are
also often bile-stained.
6. Lead pellets or small particles of lead are often
present among gizzard and proventricular contents.
Pellets that have been present for a long time are well
worn, reduced in size, and disk-like rather than spheri-
cal (Fig. 43.18). Careful washing of contents is required
to find smaller lead fragments. X-ray examination is
often used to detect radiopaque objects in gizzards, but
recovery of the objects is necessary to separate lead
from other metals. Flushing contents through a series

of progressively smaller sieves is one method of pellet
recovery.

Less obvious pathological changes include wasting of
internal organs such as the liver, kidneys, and spleen; areas
of paleness in the heart muscle; a flabby-looking heart; and
paler-than-normal-looking internal organs and muscle tissue.

The above field signs and gross lesions provide a basis
for a presumptive diagnosis of lead poisoning. However, none
of these signs or lesions is diagnostic by itself and all can
result from other causes. Also, many of the above signs and
lesions are absent in birds that die acutely following an over-
whelming lead exposure.

Diagnosis
A definitive diagnosis of lead poisoning as a cause of death

is based on pathological and toxicological findings supple-
mented by clinical signs and field observations. The pres-
ence or absence of lead shot or lead particles in the gizzard
contents is useful information and should be recorded, but it
is not diagnostic. The liver or kidneys are the tissues of choice
for toxicology analysis, with liver tissue being more com-
monly used. If you suspect lead poisoning and cannot sub-
mit whole birds to the diagnostic laboratory, remove the liver
or kidney tissue, wrap the specimens separately in alumi-
num foil, and freeze them until they are submitted for analy-
sis. Collect the entire liver or one entire kidney. However,
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Figure 43.3 Number of reported lead poisoning occurrences
following ingestion of lead sinkers and jigs through 1994.

Waterfowl

Mute swan (Great Britain)1

Whooper swan (Great Britain)

Canada goose

Mallard

Trumpeter swan

Tundra swan

 Redhead duck

Wood duck

Black duck

Red-breasted merganser

Mute swan (United States)

Other

Common loon

Brown pelican

Double-crested cormorant

Great blue heron

Sandhill cranes (two species)

White pelican

Royal tern

Gulls (two species)

White ibis

Egrets (two species)

Bald eagle

50 or more
26—50

10—25
10 or less

1 Great Britain banned the use of lead sinkers in 1987.

Figure 43.4 The droopy wings and unthrifty
appearance of this Laysan albatross chick
are the result of lead poisoning caused by
ingestion of lead-laden chips that flecked off
abandoned buildings. The paint had high
concentrations of lead.
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EXPLANATION
Number of eagle deaths, 
by State

More than 50

25–49

20–24

15–19

10–14

5–9

1–4

0

EXPLANATION
Relative lead exposure 
in waterfowl

Very frequent

Frequent

Common

Occasional

Figure 43.5 (A) Diagnosed cases of lead poisoning in bald eagles though mid-April, 1996. (B) Relative occurrence of lead
exposure in waterfowl prior to the 1991 ban on use of lead shot for waterfowl hunting. Evaluation is based on gizzard analysis
and reported mortality.

A

B
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EXPLANATION

Countries that have reported lead 
poisoning in birds

Major die-offs and chronic losses

Chronic losses

Documented ingestion of lead shot 
but not mortality

Figure 43.6 Countries that have reported lead poisoning in birds.

because toxicology is but one aspect of reaching a lead-
poisoning diagnosis, make every effort to submit whole birds
for analysis. Liver lead values of 6–8 parts per million or
higher on a wet-weight basis or 20–30 parts per million on a
dry-weight basis are suggestive of lead poisoning when other
signs of lead poisoning are present.

 Lead levels in populations of live birds can be evaluated
by using whole blood. Collect a minimum of 2–5 milliliters
of blood in lead-free tubes containing an anticoagulant such
as sodium citrate or EDTA. Evidence of lead exposure can
also be obtained through indirect measurements involving
blood enzymes. Measurement of protoporphyrin IX in red
blood cells is the most popular assay because only a few
drops of blood are needed and testing is inexpensive once
appropriate instrumentation is obtained. Elevated blood pro-
toporphyrin levels are correlated with lead exposure and serve
as a sensitive screening assay, but they do not provide direct
measurement of the amount of lead in blood. This technique
has its greatest value in identifying populations from which
more direct measurements should be taken and for screen-
ing blood samples to determine which should be tested for

blood lead concentrations. Confirm correct procedures for
collecting blood samples for lead analysis with the diagnos-
tic laboratory before collecting the samples. Keep blood
samples chilled until submitting them for analysis, regard-
less of the assay that will be used. Write the date and time of
collection on the tube along with the specimen number and
other information identifying the sample and its origin.

The diagnosis of lead poisoning as a disease or poisoning
syndrome, but not as a cause of death, can be made from
tissue residues alone when there are sufficient residue data
for the species in question or closely related species. The
amount of tissue residue variability that exists between spe-
cies can be considerable and it is also influenced by the route
of lead exposure such as ingestion vs. inhalation (Fig. 43.19).
For example, rock doves (pigeon) are highly resistant to high
concentrations of lead when they are compared with other
birds, but most lead exposure in rock doves is from automo-
bile emissions in cities. Rock doves that have ingested lead
shot have greatly increased tissue lead levels, can exhibit
behavioral changes consistent with lead toxicity in other spe-
cies, and can die from the toxic effects of lead.
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Figure 43.7 Characteristic “roof-shaped”
position of the wings in (A) a lead-poisoned
mallard (leading bird) and (B) a snow goose.

Figure 43.8 Wing droop in a tundra swan in advanced stages
of lead intoxication.
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Figure 43.9 Inability of these lead-poisoned Canada geese
to escape capture by humans illustrates their great vulner-
ability to predation.
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Figure 43.10 Waterfowl feces provide presumptive evidence of lead poisoning. Examination of (A) feces where waterfowl are
concentrating and (B) observations of an abundance of bright green-colored feces should be reason to search for sick birds and
carcasses.

Figure 43.11 “Hatchet-breast” appearance of a lead-poisoned mallard (top bird) and north-
ern pintail. The skin has been removed from the breast of the pintail to further illustrate the
severe loss of muscle tissue.
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Figure 43.12 Loss of subcutaneous fat is often extreme in lead-poisoned birds. (A) The undersurface of
the skin of this pintail is totally devoid of fat, in contrast with (B) the abundance of yellow fat present in the
mallard (bottom bird) that had died of avian cholera. Note also the absence of fat in the visceral area and
along the knees of the northern pintail (top bird) in comparison with the mallard.
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Figure 43.13 Bright green staining of the vent area is often
indicative of lead poisoning.

Figure 43.14 The heads of lead-poisoned Canada geese
often appear puffy or swollen.
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Figure 43.15 Examples of impactions in lead-poisoned birds. (A) Impaction of corn in digestive tract of
a hen mallard, extending from the gizzard to the mouth; (B) snow goose with an impaction of grasses.
(C) Tundra swan with impaction of grasses and some seeds, extending from the mouth to the gizzard; and
(D) a more limited impaction in a drake mallard.
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Figure 43.16 The gallbladder (top ar-
row) of lead-poisoned birds is often dis-
tended and filled with bright green bile.
Note also the lead shot present in the
gizzard (bottom arrow) of this bird.

Figure 43.17 (A) Comparison be-
tween the appearance of the gizzard lin-
ing of a lead-poisoned mallard (left) and
a normal mallard (right). (B) Pathologi-
cal changes in the gizzard of a lead-
poisoned bird. Note green-stained col-
oration and hard appearance of tissue.
The gizzard lining has split (arrow) be-
cause the tissue has become so brittle.
Note also the presence of lead shot
among the grit in the center of the pad.

A

B

➡

➡

➡

➡
➡

P
ho

to
 b

y 
M

ilt
on

 F
rie

nd
P

ho
to

 b
y 

M
ilt

on
 F

rie
nd

P
ho

to
 fr

om
 U

.S
. F

is
h 

an
d

 W
ild

lif
e 

S
er

vi
ce

 fi
le

s

➡



Lead 331

Figure 43.18 (A) Lead shot in Canada
goose gizzard. Note the presence of
corn. Corn and other cereal grains in-
tensify the toxicity of lead.  (B) Lead shot,
originally spherical, that have been worn
down in the waterfowl gizzard. Note the
flattened, disk-like shape of many of
these pellets.
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Control
Two actions can often be taken to reduce the magnitude

of mortality from lead poisoning when die-offs occur: deny-
ing birds use of problem areas, and rigorous pickup and
proper disposal of dead and moribund birds.

 Denying birds use of problem areas requires knowing
where the birds are picking up the lead. This is complicated
by the fact that signs of intoxication may not appear until 1
week after lead ingestion, and birds may not start dying un-
til 2–3 weeks after lead ingestion. Habitat modification of
contaminated areas is also useful in some instances, but dif-
ferences in feeding habits must be considered. For example,
placing additional water on an area may protect puddle ducks
from reaching lead shot on the bottom of wetlands, but this
may create an attractive feeding area for diving ducks. Simi-
larly, draining an area may prevent waterfowl from using an
area and ingesting shot, but it may create an attractive feed-
ing area for shorebirds or pheasants. Therefore, control plans

must consider the broad spectrum of wildlife likely to use
the area at the time action will be taken. Rigorous pickup
and proper disposal of lead-contaminated waterfowl carcasses
is required to prevent raptors and other scavenger species
from ingesting them. The high percentage of waterfowl with
embedded body shot provides a continual opportunity for
lead exposure in raptors that far exceeds the opportunity for
ingestion of shot present in waterfowl gizzards.

 Other management practices that have been used to re-
duce losses from lead poisoning on site-specific areas in-
clude tillage programs to turn lead shot below the surface of
soil so that shot is not readily available to birds, planting
food crops other than corn and other grains that aggravate
the effects of lead ingestion, and requiring the use of non-
toxic shot in hunting areas. The potential contributions of
the first two practices toward reducing lead-poisoning losses
among birds are, at best, limited and temporary. Supplemen-
tal grit has also been placed in wetlands in the belief that

Waterfowl

Raptors

Pigeons/ 
doves

Grouse

0       2       4       6       8      10     12     14     16     18     20     22     24     26

LEAD, IN PARTS PER MILLION, WET WEIGHT

Liver

Figure 43.19 Lead residues in the liver and blood associated with subclinical, toxic, and mortality
findings in several groups of birds. Variability within groups occurs because of differences in species and
a variety of factors affecting toxicity within species.
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birds intentionally ingest shot because grit is not available;
as with tillage and food crops, any benefits are limited and
temporary. The use of nontoxic shot is the only long-term
solution for significantly reducing migratory bird losses from
lead poisoning.

The strong correlation between exposure of waterfowl to
lead and the use of lead shot for hunting waterfowl was viv-
idly demonstrated by National Wildlife Health Center spon-
sored studies that compared tissue lead levels and gizzard
analyses in a subpopulation of Canada geese as they mi-
grated from their breeding grounds to their wintering
grounds. Nontoxic shot requirements were in place at some
sampling sites but not at others. Lead exposure was signifi-
cantly less where nontoxic shot requirements existed.

Since lead shot has been banned for hunting waterfowl in
the United States, attention has turned to regulating the use
of lead fishing sinkers and lead jig heads. The Environmen-
tal Protection Agency has been petitioned to address the prob-
lem of bird mortality from these sources (Fig. 43.20). Prohi-
bitions against using lead fishing weights below certain sizes
have already been initiated on some Federal lands and other
areas. The number of cases of lead poisoning in swans in the
Thames Valley of England was reduced by 70 percent in 2
years following enactment of the 1987 ban on use of split
lead shot and other fishing sinkers up to 1 ounce in size.
Sizes larger than those that can be ingested by birds have
not yet become a focus for concern.

The use of lead shot for target shooting and hunting on
uplands is also receiving increased attention. In general, in-
gestion rates for lead shot in upland species are far less than
those for waterfowl, even for doves (Table 43.2). The har-
vest of doves is somewhat analogous to waterfowl hunting
in that large numbers of shells are often fired over the same
location year after year (Fig. 43.21.). However, the duration
of intense shooting on specific sites tends to be much less
for doves than for waterfowl and the hunting area is gener-
ally tilled annually for agricultural purposes.

Figure 43.20 Fishing weights found in the stomachs and giz-
zards of birds that died from lead poisoning.

P
ho

to
 b

y 
Ja

m
es

 R
un

ni
ng

en

Veterinary treatment of lead-poisoned birds is generally
not a reasonable approach. However, endangered species or
other birds of high individual value that are lead poisoned
may warrant treatment. In those instances, treatment should
be done only by qualified persons familiar with and skilled
in the proper use of lead-chelating chemicals. Under the best
of circumstances, the results of treatment are unpredictable
and the success rate low.

Human Health Considerations
People do inadvertently consume lead-poisoned birds.

Although this is not desirable, no appreciable risks to hu-
man health exist. Most lead present in the body of a lead-
poisoned bird is in organs such as the liver and kidneys rather
than in the flesh. The dose relation (milligrams of lead per
kilogram of body weight) and lead excretion processes are
such that a great number of lead-poisoned birds would need
to be consumed in a relatively short time before toxic levels
of lead could build up in the human body. Persons who eat

Table 43.2 Percentage of upland gamebirds reported with ingested
lead shot, by State.

Percentage with
Species State ingested lead shot

Mourning doves Alabama 1.0
Eastern seaboard 2.4
(Maryland to
South Carolina)
Indiana 2.3
Maryland 1.0–6.5

Scaled quail New Mexico 0.4
Bobwhite quail New Mexico 1.8
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the liver, kidneys, and other soft tissues from lead-poisoned
birds would consume more lead than those who eat only the
muscle tissue of these birds. Persons who consume water-
fowl bones would be additionally exposed to lead, because
lead is stored long-term in bone.

 There are a few documented cases of humans develop-
ing lead poisoning after having accidentally ingested lead
shot embedded in the meat they ate. This type of lead poi-
soning is rare, perhaps due to caution exercised when eating
hunter-killed wildlife so as to avoid potential damage to teeth
from biting into shot. Lead shot that is ingested can also be-
come lodged in the appendix, resulting in appendicitis. This
does not happen often, and it happens most in people who
hunt waterfowl for subsistence. It is also possible that humans
may ingest tiny fragments of lead that may be present in
tissues of wildlife killed with lead shot.

Milton Friend

Figure 43.21 High bag limits and the large number of shells
generally expended to reach a bag limit on swift-flying mourn-
ing doves results in large amounts of lead shot being depos-
ited in uplands. Because most of the doves are harvested over
agricultural fields, tillage helps to reduce the potential for that
shot being ingested.
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