
LEAD POISONING IN CAPTIVE ANDEAN CONDORS
(VULTUR GRYPHUS)

Authors: Pattee, Oliver H., Carpenter, James W., Fritts, Steven H.,
Rattner, Barnett A., Wiemeyer, Stanley N., et al.

Source: Journal of Wildlife Diseases, 42(4) : 772-779

Published By: Wildlife Disease Association
URL: https://doi.org/10.7589/0090-3558-42.4.772

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



LEAD POISONING IN CAPTIVE ANDEAN CONDORS

(VULTUR GRYPHUS)

Oliver H. Pattee,1,6 James W. Carpenter,1,2 Steven H. Fritts,1,3 Barnett A. Rattner,1 Stanley N.
Wiemeyer,1,4 J. Andrew Royle,1 and Milton R. Smith5

1 US Geological Survey Patuxent Wildlife Research Center, Beltsville Laboratory, c/o BARC-East, Bldg. 308, 10300
Baltimore Ave., Beltsville, Maryland 20705, USA
2 Department of Clinical Sciences, College of Veterinary Medicine, Kansas State University, Manhattan, Kansas 66506,
USA
3 US Fish and Wildlife Service, Migratory Birds and State Programs, PO Box 25486, Denver, Colorado 80225, USA
4 US Fish and Wildlife Service, Nevada Fish and Wildlife Office, 1340 Financial Blvd., Suite 234, Reno, Nevada 89502-
7147, USA
5 US Geological Survey National Wildlife Health Research Center, 6006 Schroeder Road, Madison, Wisconsin 53711,
USA
6 Corresponding author (email: hank_pattee@usgs.gov)

ABSTRACT: Elevated lead in the tissues of raptors, especially those that scavenge, is a common
occurrence, and lead poisoning appears to be a significant problem in the ongoing recovery effort
for California condors (Gymnogyps californianus). Elevated blood lead levels have been found in
released birds, and a number of birds have died of lead poisoning. In earlier work, we dosed turkey
vultures (Cathartes aura) with lead shot but found them to be a poor model for lead poisoning. In
this study, we dosed four Andean condors (Vultur gryphus) with lead shot and found them to be
quite sensitive, as two of the birds died and the other two exhibit signs of lead poisoning within
50 days. All lead-responsive parameters were affected, and regurgitation of dosed shot occurred
only once. The response of the Andean condors appeared to mimic California condors, suggesting
that once exposed to lead, the possibility of survival is poor. This is consistent with observations in
the wild, where otherwise healthy birds exposed to metallic lead quickly succumb. At the very
least, the release program has to maintain constant surveillance and an active lead monitoring
program.

Key words: Andean condors, California condors, endangered species, Gymnogyps
californianus, lead poisoning, nontoxic lead substitutes, raptors, Vultur gryphus.

INTRODUCTION

Lead remains a hazard to free-ranging
raptors, and there have been numerous
reports of elevated lead in condors and
eagles. The scientific literature is replete
with cases of raptors exposed to or dying
of lead poisoning. In the United States,
egested pellets from bald eagles (Haliaee-
tus leucocephalus) were found to contain
lead shot at study sites in the Midwest
(Dunstan, 1974), Utah (Platt, 1976), Mis-
souri (Griffin et al., 1980), and Arkansas
(Nelson et al., 1989). Elevated blood lead
levels have been reported in golden eagles
(Aquila chrysaetos) throughout the range
of the California condor (Gymnogyps
californianus; Pattee et al., 1990) and in
golden and bald eagles from Idaho (Craig
et al., 1990), Alaska, Iowa, Illinois, In-
diana, Michigan, Minnesota, Nebraska,

North Dakota, Ohio, South Dakota, Wis-
consin (Kramer and Redig, 1997), and
Montana (Harmata and Restani, 1995;
Miller et al., 1998). In Canada, elevated
blood lead levels in golden and bald eagles
have been found in the Canadian prairie
provinces (Wayland and Bollinger, 1999),
British Columbia (Elliot et al., 1992), and
Saskatchewan (Miller et al., 1998).

Elevated lead levels in raptors may
represent a global problem. Elevated
tissue lead levels and lead-induced mor-
tality in Steller’s sea eagles (Haliaeetus
pelagicus) and white-tailed sea eagles
(Haliaeetus albicilla) have been reported
from Hokkaido, Japan (Kim et al., 1999).
Pain et al. (1995) determined liver lead
levels in 424 moribund individuals repre-
senting 16 raptor species from Great
Britain. Two individuals probably died of
lead poisoning, and two others had levels
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suggestive of but not definitive for lead
poisoning. An additional 18 individuals of
eight species had liver lead levels greater
than 6 ppm dry weight. Liver lead con-
centrations were determined in 222 dead
individuals of 16 species recovered in and
around France (Pain and Amiard-Triquet,
1993). Liver lead levels greater than
6 ppm (dry weight) were reported in eight
individuals drawn from three species.

Lead poisoning has been, and continues
to pose, a significant threat to the estab-
lishment of viable and secure wild Cali-
fornia condor populations. Actual and
potential losses from lead poisoning were
the driving force behind the decision to
capture all known California condors
(Pattee and Wilbur, 1989). Elevated blood
lead levels were found in five of 14 wild
California condors, and all 14 had detect-
able levels of lead in their blood (Wie-
meyer et al., 1988). During this period
(1980s), 12–15 condors died or disap-
peared; three were diagnosed as lead
poisoned (Janssen et al., 1986; Wiemeyer
et al., 1988), accounting for 20–25% of the
known mortality (Snyder, 1986). Elevated
blood lead levels have been found in the
recently established wild California and
Arizona condor subpopulations (Sorenson
et al., 2000).

The objectives of this study were to
assess Andean condor (Vultur gryphus)
susceptibility to lead poisoning, measure
physiological response, determine tissue
lead concentrations, and use these data to
better understand the response of Cali-
fornia condors to lead. Andean condors
have been used at the Patuxent Wildlife
Research Center in lieu of California
condors since 1965 and have proven to
be exceptional surrogates for developing
husbandry and breeding protocols for the
California condor program. The similari-
ties between the two condor species led to
a consensus that experimental work with
Andean condors would also provide
a means to understand lead poisoning in
California condors, and this study was
identified as priority research by the

California Condor Recovery Team. An
Endangered Species Act Section 7 con-
sultation on the use of Andean condors in
a terminal study was conducted by the
Office of Endangered Species, US Fish
and Wildlife Service (USFWS), which
determined that the study was necessary;
the research was also approved by the
Patuxent Wildlife Research Center In-
stitutional Animal Care and Use Commit-
tee.

METHODS

Six immature Andean condors were selected
for this study. Two birds served as undosed
controls and were returned to the breeding
colony (Laurel, Maryland, USA: 39u039140N,
76u489590W) at the conclusion of the study.
The controls provided baseline data on pen
conditions and physiological parameters. The
other four Andean condors were captive-
hatched and reared and were behaviorally
unsuited for release or captive propagation. To
evaluate the health of the condors prior to the
study, all six birds were given a physical
examination and weighed, bled via basilic
venipuncture, and a survey radiograph was
obtained. All birds were fat and had a body
condition score of 4 to 4+ (based on a score of
1–5, with 1 being emaciated and 5 being
grossly overweight). There was no evidence of
ingested lead. Blood samples were obtained
weekly during the study to determine blood
lead, hematocrit (HCT), delta-aminolevulinic
acid dehydratase (ALAD) activity, and eryth-
rocyte protoporphyrin (EPP) levels. On 3
January 1989, the six condors were individually
housed in wire-mesh cages (2.0 3 4.0 3
1.9 m) elevated over a concrete slab. The birds
were allowed to acclimate to pen conditions
and a diet of cubed chicken breast for 2 wk.
On 17 January 1989, each of two birds was
dosed with zero, two, or six number 00 lead
shot. Shot were weighed and sorted and then
used to produce shot dosages corresponding to
0.575 g/kg (two shot) and 1.92 g/kg (six shot);
shot ranged from 7.5 mm to 8.5 mm in
diameter. Birds were weighed and a 5 ml
blood sample was taken from the basilic vein
prior to dosing and then weekly thereafter.
Birds were fed on Sunday, Wednesday, and
Friday and fasted on the other days. The area
under the pens was searched daily for re-
gurgitated or passed shot. Although the
condors were observed daily, more intensive
observations were conducted on the three
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feeding days. On these days, birds were
observed for 2 min before and 3 min after
feeding for any changes in behavior that might
have reflected a clinical disease.

Birds remained on the experimental regime
until they died or were euthanized after
displaying clinical signs of toxicosis (lethargy,
weight loss, and uncoordination). A postmor-
tem examination was performed on the four
lead-dosed condors immediately following
death. Tissues obtained for histological evalu-
ation included cerebrum, cerebellum, medulla
oblongata, optic lobe of brain, heart, lung,
trachea, thyroid, parathyroid, thymus, liver,
gall bladder, spleen, pancreas, kidney, gonad,
adrenal, crop/esophagus, proventriculus, giz-
zard, small and large intestines, cloaca, bursa
of Fabricius, peripheral nerves and ganglia
associated with other tissues, skin, skeletal
muscle, and bone marrow. All tissues were
placed in 10% buffered formalin, then em-
bedded in paraffin, and stained with hematox-
ylin and eosin (H&E) and with an acid-fast
stain.

Liver and kidney samples were placed in
glass jars with Teflon lid liners cleaned in 10%
nitric acid and rinsed with acetone and then
hexane. Liver and kidney samples were stored
at 215 C until analyzed for their lead content
(DeStefano et al., 1991). The detection limit
for kidney and liver lead was 0.22 ppm (wet
weight); recovery of spiked samples averaged
104.9%. A heparinized 2 ml blood sample was
set aside for the determination of HCT,
ALAD activity, and EPP levels. Hematocrit
was determined by measuring the packed cell
volume of whole blood in capillary tubes
centrifuged at 13,460 3 G for 5 min. An
aliquot of the subsample was stored at 270 C
for subsequent quantification of ALAD (Burch
and Siegel, 1971); the analysis was optimized
for Andean condor blood with a pH 6.8 buffer.
The remainder of the sample was stored at 4 C
for 48 hr before determining EPP concentra-
tion with a hematofluorometer (AVIV Bio-
medical, Inc., Lakewood, New Jersey, USA) as
modified by Roscoe et al. (1979).

Blood samples for lead determination were
placed in vials cleaned in 10% nitric acid and
rinsed with acetone and then hexane. Samples
were frozen and stored at 215 C until the end
of the study. Some samples were lost because
of vial breakage. Lead analysis followed the
methods of Fernandez and Hilligoss (1982)
using a Perkin-Elmer (Norwalk, Connecticut,
USA) HGA-400 graphite furnace at a wave-
length of 283.3 nm for the analysis with
deuterium arc background correction. The
lower limit of reportable, uncorrected lead

residues was 0.02 ppm (wet weight). Recovery
of spiked samples averaged 100.4%.

RESULTS

During the first 14 days postdosage, all
birds exhibited normal behavior. No
change in behavior was noted in the two
control birds during the study; both birds
remained active, alert, curious, and re-
sponsive/defensive. On day 14, both of the
low-dose condors were slightly lethargic,
depressed, and slower in movement.
Although there was a gradual decline in
attitude and activity during this study, the
birds were alert/curious and responsive
until one died and the second bird was
euthanized (Table 1). There also were
several days during the latter phase of
the study when both birds seemed to have
a marked improvement in attitude and
activity. One of the two high-dose birds
began showing behavioral changes
(droopy wings, opening mouth frequently,
and reduced activity) on day 28. There was
a gradual increase in lethargy and de-
pression, which became more pronounced
before death on day 39. The second high-
dose bird began showing clinical signs of
disease (reduced activity, postural change,
lethargy, and depression) on day 21.
Although there was a gradual decline in
the attitude and activity level of this bird,
the bird remained fairly alert and some-
what active until it was euthanized on day
41 (Table 1). One low-dose bird regurgi-
tated two shot while being handled on day
7. It was immediately redosed. No shot
was passed or regurgitated by any other
bird and all the dosed shot were recovered
from the birds during necropsy. At nec-
ropsy, the two low-dose condors had
a body condition score of 1+ and 2+,
subcutaneous fat was low or absent, and
there was minimal abdominal and coro-
nary fat. The body condition score of the
two high-dose birds was 1+ and 2, sub-
cutaneous fat was minimal, and the
abdominal and coronary fat was minimal.
Weights of the six condors were obtained
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at necropsy (four treated birds) or at
termination of the study (two control
birds). The control birds, low-dose birds,
and high-dose birds lost 7% and 10%,
21% and 27%, and 28% and 33% of their
body weight, respectively.

Tissues from the four condors were
examined histologically. All birds showed
similar lesions of perivascular and peri-
neuronal edema throughout the cere-
brum. Sections of the cerebellum had
spongiosis at the interface between the
molecular and granular layer, and the
lesions were more severe towards the tips
of the folia. Purkinje cells within the
affected areas of spongiosis were pyknotic.
Three birds had similar lesions of the
cerebellar folia, while one of the high dose
birds was more severely affected. Liver
sections from the four birds were similar
and had a mild periportal infiltrate of
lymphocytes and macrophages. Abundant
yellow brown pigment compatible with
hemosiderin was present within hepato-
cytes and in Kupffer cells. The pigment
was positive for iron with Perl’s Prussian
Blue stain. Hemosiderin-laden macro-
phages were also present in the spleens
of all the birds. All four of the dosed birds
had mild acute diffuse nephrosis. Acid-fast
staining of the kidney showed numerous
acid-fast positive intranuclear inclusions
within the tubular epithelium. Total bili-
rubin increased from an average of
0.25 mg/dl to 1.05 mg/dl in the four
treated birds over the course of the study.

Liver and kidney lead concentrations
increased as treatment dose increased
(Table 1). Blood lead concentrations in-
creased over time and peaked 2–3 wk
before death (Table 2); EPP activity
(Table 2) also increased over time and
peaked 1–2 wk before death in the birds
dosed with two shot. A precipitous de-
crease in ALAD activity (Table 2) was
observed in the first week following
dosage and remained depressed until the
birds died or were euthanized. A gradual
decline was observed with HCT (Table 2)
throughout the study period, reaching
maximum depression at the time of death.

DISCUSSION

All of the dosed Andean condors (n54)
developed lead poisoning; two birds died
and two were euthanized. The high-dose
bird that was euthanized displayed multi-
ple signs of lead toxicosis. One low-dose
bird that displayed early signs of lead
toxicosis was euthanized based on ob-
served responses of the other three dosed
birds. The slower response of this in-
dividual may have been related to a slower
erosion of the lead shot in this individual
(164.5–476.9 mg more lead was eroded
from dosed shot in the other birds);
however, the lead levels exhibited in this
bird equaled or exceeded levels reported
from other birds (Beyer et al., 1988) and
were well above the thresholds suggested
to cause mortality (Franson, 1996). Al-

TABLE 1. Fate, exposure level (mg of lead eroded from dosed shot), and tissue lead levels (ppm, wet weight)
of Andean Condors experimentally dosed with number 00 (7.3–8.5 mm diameter) lead shot equivalent to
0.575 g (two shot) or 1.92 g (six shot) lead per kg of body weight.

Tag number Treatment Days treated Fatea Pb eroded (mg) Liver Pb (ppm) Kidney Pb (ppm)

165 0 49 SV 0.00 N/A N/A
85025 0 49 SV 0.00 N/A N/A
166 2 46 FD 290.2 45.46 124.16
85021 2 49 SW 125.7 49.88 114.74
150 6 39 FD 602.6 58.52 229.94
85024 6 41 EW 527.4 109.09 179.09

a SV 5 undosed control; EW 5 found severely weakened, euthanized; FD 5 found dead; SW 5 survived but obviously
weakened when euthanized; N/A 5 no sample available.
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though the low-dose condor was eutha-
nized on day 49 without displaying the full
suite of overt signs, the bird’s survival was
unlikely and further suffering unneces-
sary.

Histologically, the lesions of hepatic and
splenic hemosiderosis, as well as acid-fast
inclusions in the tubular nuclei of the
kidney, were consistent with lead toxicity
(Franson, 1996). There was no evidence of
myocardial degeneration or fibrinoid ne-
crosis of the vasculature. The lesions seen
in the brain must be interpreted cautiously
because increased perineuronal and peri-
vascular space can occur due to post-
mortem change.

Lead poisoning is driven by three
interacting factors: nutritional status, ge-
netic predisposition, and lead availability.
Ingestion is the primary pathway for lead
exposure, but absorption is mediated and
strongly influenced by the chemical envi-
ronment of the lumen, age of the animal,
and iron stores (i.e., the nutritional status
of the subject). Dietary components such
as sodium citrate, amino acids, vitamin D,
protein, fat, and lactose bind lead and
increase its solubility and enhance absorp-
tion (DeMichele, 1984). Total food intake,

percent dietary fat, and dietary intakes of
calcium, iron, zinc, lactose, and vitamin E
are also known to influence lead toxicity
and susceptibility (DeMichele, 1984).
There also is a genetic component. Three
polymorphic genes have been identified in
mammals that apparently influence the
bioaccumulation and toxicokinetics of lead
and in all probability dictate not only
individual susceptibility but species vul-
nerability as well (Fleming et al., 1998;
Onalaja and Claudio, 2000). This genetic
component has yet to be investigated in
birds.

In a previous study, four of six lead-
dosed turkey vultures succumbed to lead
poisoning after prolonged exposure and
constant redosing with regurgitated or
defecated shot (Carpenter et al., 2003).
Two of the dosed birds never exhibited
overt signs of lead poisoning, even after
211 days of constant exposure. Pattee et
al. (1981) reported similar results in
experimentally lead-dosed bald eagles
and attributed the differences to the
interaction of several factors, including
shot retention time, number of shot
retained, amount of lead eroded, and
individual susceptibility. Beyer et al.

TABLE 2. Average blood parameters (n52) of Andean condors dosed with zero, two, or six 00 lead shot
equivalent to 0.575 or 1.92 mg of lead per kg of body weight.

Dose Day 7 Day 14 Day 21 Day 28 Day 35 Day 42 Day 49

Blood lead (ppm, weight wet)
0 shot 0.02a 0.16a 0.07 —b 0.06 —b 0.02 0.00a

2 shot 0.15a 11.1a 9.05 —b 17.16 11.00 9.46 —b

6 shot 0.08 —b 13.04 —b 16.41 12.02 —b —b

Hematocrit (percent)
0 shot 43.0 43.5 44.0 45.5 42.5 42.0 43.0 43.5
2 shot 45.0 42.0 41.5 40.5 35.5 33.0 31.5 23.0a

6 shot 42.0 41.0 38.5 34.5 28.5 31.0 —b —b

Erythrocyte protoporphyrin (mg/day)
0 shot 44.5 42.0 41.5 39.5 38.5 36.5 44.0 43.5
2 shot 41.0 57.5 335.5 228.5 231.0 856.0 664.5 229.0a

6 shot 37.0 101.0 161.0 380.0 579.0 944.5 —b —b

Delta-aminolevulinic acid dehydratase (units)
0 shot 75.92 72.94 78.64 80.02 87.39 88.01 92.90 94.90
2 shot 56.94 1.41 1.31 2.00 1.10 3.23 2.80 1.11a

6 shot 112.9 2.11 2.53 1.82 2.62 3.92 —b —b

a One sample lost.
b Samples lost or not taken.
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(1988) found major differences in the six
avian species they dosed with lead; one-
half of the red-winged blackbirds (Age-
laius phoeniceus) died in 61 days, whereas
111 days were required for half the
eastern screech owls (Otus asio) to die
(death in the other four species occurred
between these extremes).

Weight loss is a typical response to lead
poisoning and has been previously re-
ported in many avian species dosed with
lead (Pattee et al., 1981; Beyer et al.,
1988). Weight loss was reported in the
three California condors believed to have
died of lead poisoning (Janssen et al.,
1986). In our study, differences in body
condition (weight, pectoral muscle mass,
and subcutaneous and coelomic fat) be-
tween lead-shot dosed and undosed birds
were associated with the degree of an-
orexia. The definitive diagnosis of lead
toxicity in this study was based on the
presence of lead inclusions in liver and/
or kidney cells or the presence of signif-
icant lead levels from tissue chemical
analysis.

Liver lead concentrations in our dosed
birds were higher than those reported as
indicative of lead poisoning (Franson,
1996). Kidney lead concentrations were
also higher when compared to reported
concentrations in other falconiform birds
(Franson, 1996). Blood lead concentra-
tions increased with shot exposure dura-
tion, dropping just before death. Franson
(1996) suggested that blood lead concen-
trations greater than 1 ppm (wet weight)
are indicative of lead toxicosis, and con-
centrations greater than 5 ppm (wet
weight) support lead-mediated mortality.
In experimentally dosed bald eagles, blood
lead concentrations were reported to be
0.8 ppm (wet weight) after 24 hr and
5.4 ppm (wet weight) after 14 days; three
of the five eagles died within 20 days
(Hoffman et al., 1981). A dying turkey
vulture had a blood lead level of 2.27 ppm
(Platt et al., 1999). The condors in our
study had blood levels between 16 and
19 ppm wet weight.

Delta-aminolevulinic acid dehydratase
is a sensitive measure of exposure but can
stay depressed over an extended period in
an otherwise apparently healthy bird
(Franson et al., 1983). In our study, ALAD
declined to essentially zero activity. Our
EPP results were similar to those reported
by Franson et al. (1986) in lead shot-dosed
canvasbacks (Aythya valisineria) and by
Beyer et al. (1988) for red-winged black-
birds, brown-headed cowbirds (Molothrus
ater), common grackles (Quiscalus quis-
cula), mallards (Anas platyrhynchos),
northern bobwhites (Colinus virginianus),
and eastern screech owls. However, our
initial EPP activity and the magnitude of
the response were greater than reported
in lead-dosed black ducks (Anas rubripes)
and mallards (Rattner et al., 1989).

The control birds maintained a relatively
flat profile, with an HCT above 40%,
whereas the HCT of the dosed condors
declined following lead dosage. Coleman
et al. (1988) reported HCT below 31% in
two sick/dying turkey vultures and sug-
gested an HCT below 40% indicated a bird
that was sick or in poor condition. Platt et
al. (1999) recorded an HCT of 23% in
a dying turkey vulture. The response of
HCT in our study was similar to that
reported in six different avian species
experimentally dosed with lead (Beyer et
al., 1988), in lead-dosed bald eagles (Hoff-
man et al., 1981), and in lead-dosed
American kestrels (Falco sparverius)
(Hoffman et al., 1985). Our study pro-
duced results and responses to lead that
appear to be similar to the California
condor. This includes retention of the lead
once swallowed, fast dissolution of the
lead object, and absorption of the dis-
solved lead and rapid onset of lead
toxicosis. As a general rule, only metallic
lead (fishing sinkers, lead shot, bullet
fragments) are capable of inducing death
in free-ranging birds; the only exceptions
known to the authors are the avian
mortalities associated with the mine tail-
ings at Coeur d’Alene, Idaho, where
sediments have lead residues measurable
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in percents (Henny et al., 1991), and lead-
containing paint chips on Midway atoll
(Sileo and Fefer, 1987). As for California
condors, bullet fragments seem most
probable. Work in determining lead ori-
gins based on their isotope ratios (Scheu-
hammer and Templeton, 1998) will help
to resolve the issue as to the primary
source of the lead killing condors. Con-
sidering the scope of the problem, with
even the remote areas of Arizona not safe
from the lead poisoning problem, a lead
exposure surveillance program is essential.
Samour and Naldo (2002) have shown that
aggressive therapy and treatment can
prevent the mortality associated with lead
ingestion, and a similar program has been
instituted in the California condor pro-
gram (Sorenson et al., 2000). This therapy
is essential to the survival of California
condors.

ACKNOWLEDGMENTS

We thank the staff of the Endangered
Species Research Program, US Geological
Survey Patuxent Wildlife Research Center
for their assistance in various aspects of this
study; Johna Veatch for assisting in the
histopathology; and C. M. Bunck for statistical
advice and direction.

LITERATURE CITED

BEYER, W. N., J. W. SPANN, L. SILEO, AND J. C.
FRANSON. 1988. Lead poisoning in six captive
avian species. Archives of Environmental Con-
tamination and Toxicology 17: 121–130.

BURCH, H. B., AND A. L. SIEGEL. 1971. Improved
method for measurement of delta-aminolevuli-
nic acid dehydratase activity of human erythro-
cytes. Clinical Chemistry 17: 1038–1041.

CARPENTER, J. W., O. H. PATTEE, S. H. FRITTS, B. A.
RATTNER, S. N. WIEMEYER, J. A. ROYLE, AND M.
R. SMITH. 2003. Experimental lead poisoning in
Turkey vultures (Cathartes aura). Journal of
Wildlife Diseases 39: 96–104.

COLEMAN, J. S., J. D. FRASER, AND P. F. SCANLON.
1988. Hematocrit and protein concentration of
black vulture and turkey vulture blood. Condor
90: 937–938.

CRAIG, T. H., J. W. CONNELLY, E. H. CRAIG, AND T. L.
PARKER. 1990. Lead concentrations in golden
and bald eagles. Wilson Bulletin 102: 130–133.

DEMICHELE, S. J. 1984. Nutrition of lead. Compar-
ative Biochemistry and Physiology 78A: 401–408.

DESTEFANO, S., C. J. BRAND, D. H. RUSCH, D. L.
FINLEY, AND M. M. GILLESPIE. 1991. Lead
exposure in Canada geese of the eastern prairie
population. Wildlife Society Bulletin 19: 23–32.

DUNSTAN, T. C. 1974. The status and role of bald
eagle winter studies in the Midwest. In Our
Eagle’s Future: Proceedings of Bald Eagle Days,
T. N. Ingram (ed.). Eagle Valley Environmental,
Apple River, Illinois, pp. 62–67.

ELLIOTT, J. E., K. M. LANGELIER, A. M. SCHEUHAM-

MER, P. H. SINCLAIR, AND P. E. WHITEHEAD. 1992.
Incidence of lead poisoning in bald eagles and
lead shot in waterfowl gizzards from British
Columbia, 1988–91. Canadian Wildlife Service,
Progress Notes No. 200. 7 pp.

FERNANDEZ, F. J., AND D. HILLIGOSS. 1982. An
improved graphite furnace method for the
determination of lead in blood using matrix
modification and the L’vov platform. Atomic
Spectrophotometry 3: 130–131.

FLEMING, D. E. B., D. R. CHETTLE, J. G. WETMUR, R.
J. DESNICK, J. ROBIN, D. BOULAY, N. S. RICHARD,
C. L. GORDON, AND C. E. WEBBER. 1998. Effect
of the delta-aminolevulinate dehydratase poly-
morphism on the accumulation of lead in bone
and blood in lead smelter workers. Environmen-
tal Research A77: 49–61.

FRANSON, J. C. 1996. Interpretation of tissue lead
residues in birds other than waterfowl. In
Environmental contaminants in wildlife: Inter-
preting tissue concentrations, W. N. Beyer, G.
H. Heinz and A. W. Redmon-Norwood (eds.).
Society of Environmental Toxicology and Chem-
istry, Lewis Publishers, New York, pp. 265–279.

———, L. SILEO, O. H. PATTEE, AND J. F. MOORE.
1983. Effects of chronic dietary lead in American
kestrels (Falco sparverius). Journal of Wildlife
Diseases 19: 110–113.

———, G. M. HARAMIS, M. C. PERRY, AND ———.
1986. Blood protoporphyrin for detecting lead
exposure in canvasbacks. In Lead poisoning in
wild waterfowl: A workshop, J. S. Feierabend
and A. B. Russell (eds.). National Wildlife
Federation, Washington, D.C., pp. 32–37.

GRIFFIN, C. R., T. S. BASKETT, AND R. D. SPARROWE.
1980. Bald eagles and the management program
at Swan Lake National Wildlife Refuge. Trans-
actions of the North American Wildlife and
Natural Resources Conference 45: 252–262.

HARMATA, A. R., AND M. RESTANI. 1995. Environ-
mental contaminants and cholinesterase in blood
of vernal migrant bald and golden eagles in
Montana. Intermountain Journal of Sciences 1:
1–15.

HENNY, C. J., L. J. BLUS, D. J. HOFFMAN, R. A. GROVE,
AND J. S. HATFIELD. 1991. Lead accumulation
and osprey production near a mining site on the
Coeur d’Alene River, Idaho. Archives of Envi-
ronmental Contamination and Toxicology 21:
415–424.

778 JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 4, OCTOBER 2006

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



HOFFMAN, D. J., O. H. PATTEE, S. N. WIEMEYER, AND

B. M. MULHERN. 1981. Effects of lead shot
ingestion on delta-aminolevulinic acid dehydra-
tase activity, hemoglobin concentration, and
serum chemistry in bald eagles. Journal of
Wildlife Diseases 17: 423–431.

———, J. C. FRANSON, O. H. PATTEE, C. M. BUNCK,
AND H. C. MURRAY. 1985. Biochemical and
hematological effects of lead ingestion in nes-
tling American kestrels (Falco sparverius). Com-
parative Biochemistry and Physiology 80C:
431–439.

JANSSEN, D. L., J. E. OOSTERHUIS, J. L. ALLEN, M. P.
ANDERSON, D. G. KELTS, AND S. N. WIEMEYER.
1986. Lead poisoning in free-ranging California
condors. Journal of the American Veterinary
Medical Association 189: 1115–1117.

KIM, E., R. GOTO, H. IWATA, Y. MASUDA, S. TANABE,
AND S. FUJITA. 1999. Preliminary survey of lead
poisoning of Steller’s sea eagle (Haliaeetus
pelagicus) and white-tailed sea eagle (Haliaeetus
albicilla) in Hokkaido, Japan. Environmental
Toxicology and Chemistry 18: 448–451.

KRAMER, J. L., AND P. T. REDIG. 1997. Sixteen years of
lead poisoning in eagles, 1980–95: An epizooti-
ologic view. Journal of Raptor Research 31:
327–332.

MILLER, M. J. R., M. RESTANI, A. R. HARMATA, G. R.
BORTOLOTTI, AND M. E. WAYLAND. 1998. A
comparison of blood lead levels in bald eagles
from two regions on the great plains of North
America. Journal of Wildlife Diseases 34:
704–714.

NELSON, T. A., C. MITCHELL, AND C. ABBOTT. 1989.
Lead shot ingestion by bald eagles in western
Arkansas. Southwest Naturalist 34: 245–249.

ONALAJA, A. O., AND D. L. CLAUDIO. 2000. Genetic
susceptibility to lead poisoning. Environmental
Health Perspectives 108: 23–28.

PAIN, D. J., AND C. AMIARD-TRIQUET. 1993. Lead
poisoning of raptors in France and elsewhere.
Ecotoxicology and Environmental Safety 25:
183–192.

———, J. SEARS, AND I. NEWTON. 1995. Lead
concentrations in birds of prey in Britain.
Environmental Pollution 87: 143–180.

PATTEE, O. H., AND S. R. WILBUR. 1989. Turkey
vulture and California condor. In Proceedings of
the Western Raptor Management Symposium
and Workshop. National Wildlife Federation
Scientific and Technical Series No. 12,
pp. 61–65.

———, S. N. WIEMEYER, B. M. MULHERN, L. SILEO,
AND J. W. CARPENTER. 1981. Experimental lead-

shot poisoning in bald eagles. Journal of Wildlife
Management 45: 806–810.

———, P. H. BLOOM, J. M. SCOTT, AND M. R. SMITH.
1990. Lead hazards within the range of the
California condor. Condor 92: 931–937.

PLATT, J. B. 1976. Bald eagles wintering in a Utah
desert. American Birds 30: 783–788.

PLATT, S. R., K. E. HELMICK, J. GRAHAM, R. A.
BENNETT, L. PHILLIPS, C. L. CHRISMAN, AND P. E.
GINN. 1999. Peripheral neuropathy in a turkey
vulture with lead toxicosis. Journal of the
American Veterinary Medical Association 214:
1218–1220.

RATTNER, B. A., W. J. FLEMING, AND C. M. BUNCK.
1989. Comparative toxicity of lead shot in black
ducks (Anas rubripes) and mallards (Anas
platyrhynchos). Journal of Wildlife Diseases
25: 175–183.

ROSCOE, D. E., S. W. NIELSEN, A. A. LAMOLA, AND D.
ZUCKERMAN. 1979. A simple, quantitative test for
erythrocytic protoporphyrin in lead-poisoned
ducks. Journal of Wildlife Diseases 15: 127–136.

SAMOUR, J. H., AND J. N. NALDO. 2002. Diagnosis and
therapeutic management of lead toxicosis in
falcons in Saudi Arabia. Journal of Avian
Medicine and Surgery 16: 16–20.

SCHEUHAMMER, A. M., AND D. M. TEMPLETON. 1998.
Use of stable isotope ratios to distinguish sources
of lead exposure in wild birds. Ecotoxicology 7:
37–42.

SILEO, L., AND S. I. FEFER. 1987. Paint chip poisoning
of Laysan albatross at Midway atoll. Journal of
Wildlife Diseases 23: 432–437.

SNYDER, N. F. R. 1986. California condor recovery
program. In Raptor conservation in the next
50 years, S. E. Senner, C. M. White and J. P.
Parrish (eds.). Raptor Research Report No. 5.
Raptor Research Foundation, Hastings, Minne-
sota, pp. 56–71.

SORENSON, K. J., L. J. BURNETT, AND J. R. DAVIS. 2000.
Status of the California condor and mortality
factors affecting recovery. Endangered Species
Update 18: 120–123.

WAYLAND, M., AND T. BOLLINGER. 1999. Lead
exposure and poisoning in bald eagles and
golden eagles in the Canadian prairie provinces.
Environmental Pollution 104: 341–350.

WIEMEYER, S. N., J. M. SCOTT, M. P. ANDERSON, P. H.
BLOOM, AND C. J. STAFFORD. 1988. Environmen-
tal contaminants in California condors. Journal
of Wildlife Management 52: 238–247.

Received for publication 6 October 2005.

PATTEE ET AL.—LEAD POISONING IN CONDORS 779

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use


