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ABSTRACT: A trumpeter swan (Cygnus buc-
cinator) was observed near a mill pond in Pich-
er, Oklahoma, USA. It became weakened and
emaciated after about 1 mo, was captured with
little resistance, and taken into captivity for
medical care. Serum chemistry results were
consistent with hepatic, renal, and muscular
damage. Serum zinc concentration was elevat-
ed at 11.2 parts per million (ppm). The swan
was treated for suspected heavy-metal poison-
ing, but died overnight. Gross postmortem
findings were emaciation and pectoral muscle
atrophy. Histopathologic lesions in the pancreas
included mild diffuse disruption of acinar ar-
chitecture, severe diffuse depletion or absence
of zymogen granules, occasional apoptotic bod-
ies in acinar epithelial cells, and mild interstitial
and capsular fibrosis. Zinc concentration in
pancreas was 3,200 ppm wet weight, and was
similar to that reported in the pancreases of
waterfowl known to be killed by zinc toxicity.
Zinc concentrations in liver (154 ppm) and kid-
neys (145 ppm) also were elevated. Acute tu-
bular necrosis of the collecting tubules of the
kidneys was also possibly due to zinc toxicity.
To the authors’” knowledge, this is the first con-
firmed case of zinc poisoning in a trumpeter
swan associated with mining wastes.

Key words: Amyloidosis, Anseriformes,
Cygnus buccinator; mortality, trumpeter swan,
zinc toxicity.

Ottawa County in northeastern Oklahoma
(USA) is within the Tri-State Mining Dis-
trict, which extends into southwest Mis-
souri and southeast Kansas, where mining
for lead and zinc occurred from about
1850 through 1970 (Gibson, 1972). Today,
the area remains contaminated with lead,
zinc, and other metals, and now makes up
the Tar Creek superfund site. Concentra-
tions of up to 35,000 parts per million
(ppm) of zinc and 8,700 ppm of lead have
been found in surface crusts on sediments
in the Tar Creek Basin (Parkhurst et al.,
1988). In 1983, the US Environmental
Protection Agency added the Tar Creek

Superfund Site to its National Priorities
List. Recently, the gross and microscopic
lesions of zinc toxicity in three Canada
geese (Branta canadensis) and a mallard
(Anas platyrhynchos) due to environmen-
tal exposure to zinc in this area were de-
scribed by Sileo et al. (2004). In the pre-
sent article, we give the clinical, clinical
pathologic, gross necropsy findings, and
microscopic lesions of zinc toxicity due to
environmental exposure to zinc in a trum-
peter swan (Cygnus buccinator) collected
in the Tri-State Mining District.

The swan was observed swimming on a
mill pond about 5 km east of Picher, Ot-
tawa County, Oklahoma (36°59.231'N,
94°45.363'W) on February 9, 2003. By
March 6, it had moved to a nearby winter
wheat field, where it was observed to be
inactive. Because it failed to flee or re-
spond normally when approached, person-
nel of the US Fish and Wildlife Service
were consulted and arrangements made to
have the swan taken into captivity and re-
habilitated. When approached closely, the
swan flapped its wings but could not walk.
It was captured by hand with little resis-
tance. Based on banding records, the swan
was a 3-yr-old, hand-reared female that
had been hatched in captivity at Delta,
Iowa, USA, in the spring of 2000 as part
of a restoration program headed by the
Iowa Department of Natural Resources. It
had been released in good health from
Cerro Gordo County, Towa, USA, on 31
May 2002. Following capture on 6 March
2003 in Oklahoma, the swan was provided
food and water and held overnight. The
following morning it was placed in a well-
ventilated, commercial, large dog carrier
and transported to the Veterinary Medical
Teaching Hospital, College of Veterinary
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Medicine, Kansas State University, Man-
hattan, Kansas, USA, for evaluation and
treatment.

On physical examination, the bird was
alert but lethargic, weak, and could walk
only a few steps before collapsing. The
head was moderately drooping, there was
ankylosis of the cranial cervical vertebrae,
and the wings were held in a normal po-
sition over the back. No neurologic deficits
were detected on preliminary evaluation.
The bird weighed 7.3 kg and was very thin.
The bird’s head and neck feathers were
stained orange, presumably from iron ox-
ides found in local streams contaminated
with mine waters. Blood was obtained via
medial metatarsal venipuncture for a com-
plete blood count, determination of serum
biochemical values, and analyses for con-
centrations of lead, zinc, copper, and cad-
mium. Analysis of heavy metals in blood
was performed by atomic absorption spec-
troscopy (Veterinary Diagnostic Laborato-
ry, Department of Diagnostic Medicine/
Pathobiology, College of Veterinary Med-
icine, Manhattan, Kansas, USA). Mineral
to metal opacity was present in the ven-
triculus, although individual particles were
not well visualized on full-body radio-
graphs. There was also a chronic healed
malunion in the cranial cervical spine (C5-
C6). No other radiographic abnormalities
were detected.

Complete blood count results included
a packed cell volume of 42% (reference
range, 35-53%), total protein of 3.6 g/dl
(reference range, 3.3—4.9 g/dl), and a leu-
kocyte count of 45.7X103/pl (reference
range, 8.6-22.4x103/pl) (International
Species Inventory System, 2002). The leu-
kocyte differential consisted of 70% seg-
mented heterophils (reference mean,
71%), 25% immature heterophils, 1% lym-
phocytes (reference mean, 22%), 5%
monocytes (reference mean, 5%), and no
eosinophils (reference mean, 3%), or ba-
sophils (reference mean, 2%).

Serum chemical values that were outside
the normal range included glucose, 52 mg/
dl (14 mmol/1) (reference range, 173-237

mg/dl; 112 mmol/1); urea nitrogen, 24
mg/dl (9 mmol/1) (reference range, 1-3
mg/dl; 06-1.4 mmol/1); albumin, <1.0 g/dl
(reference range, 1.3-1.9 g/dl); alanine ami-
notransferase (AST), 593 IU/l (reference
range, 1040 TU/); creatine kinase, 4,555
IU/1 (reference range, 0-872 TU/1); and uric
acid, 23.6 mg/dl (1404 pmol/1) (reference
range, 3.0-8.6 mg/dl; 178-512 wmol/1).

Results of antemortem analysis of blood
for heavy metals were zinc, 11.2 ppm;
lead, 1.0 ppm; copper, 0.17 ppm; and cad-
mium, <0.05 ppm (below detection lim-
its). Because of these findings, heavy-metal
toxicity was suspected and the bird was ad-
ministered fluids (lactated Ringers solution
and dextrose with vitamin B complex), cal-
cium disodium versenate (CaEDTA; 35
mg/kg intramuscularly), and fed herbivore
slurry via gavage. In spite of this, it died 5
hr posttreatment.

On postmortem examination, the bird
was moderately emaciated with mild pec-
toral muscle atrophy. There was minimal
subcutaneous and no intracoelomic adi-
pose tissue. The spleen was mildly en-
larged. The gizzard was moderately dis-
tended with gravel, but no metal frag-
ments were detected. The gizzard lining
was not eroded. No other gross lesions
were observed in any other tissues or or-
gan systems. Samples of fresh pancreas,
liver, kidney, heart blood, and gizzard con-
tents were placed in chemically clean jars
and frozen for heavy-metal analyses by ion
coupled plasma-atomic emission spectros-
copy (Animal Health Diagnostic Labora-
tory, College of Veterinary Medicine,
Michigan State University, East Lansing,
Michigan, USA). Samples of liver, spleen,
and intestinal tract were submitted for
bacterial culture. No attempt was made to
culture anaerobic bacteria. Tissues for his-
topathologic examination were placed in
10% buffered formalin, routinely pro-
cessed, embedded in paraffin, sectioned at
4 pm, and stained with hematoxylin and
eosin (HE). Selected tissue slides also
were stained with Masson’s trichrome stain
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FIGURE 1. Photomicrograph of the pancreas
from a trumpeter swan with chronic zinc toxicosis,
amyloidosis, and enterotoxemia. Note diffuse acinar
cell zymogen granule depletion, disruption of normal
acinar architecture, and interstitial fibrosis (arrows) in
the parenchyma, lesions characteristic of zinc toxi-
cosis. Hematoxylin and eosin. Bar=50 wm.

for collagen, Congo red stain for amyloid,
and Gram stain to characterize bacteria.
Histologic lesions in the pancreas in-
cluded mild, diffuse disruption of normal
acinar architecture with mild to moderate
interstitial fibrosis characterized by small
to moderate amounts of collagen and fi-
broblasts arranged in a trabecular pattern
(Fig. 1). The exocrine pancreatic acinar
cells exhibited diffuse and severe deple-
tion or absence of zymogen granules, and

FIGURE 3. Photomicrograph of the liver from a
trumpeter swan with chronic zine toxicosis, amyloid-
osis, and enterotoxemia. The space of Disse is filled
and expanded by amyloid (arrows), resulting in com-
pression of sinusoids and atrophy and loss of hepa-
tocytes. Hematoxylin and eosin. Bar=30 pm.

occasional acinar epithelial cells contained
apoptotic bodies (Fig. 2). There was mod-
erate, diffuse fibrosis of the capsule of the
pancreas.

Moderate to severe chronic diffuse am-
yloidosis, accompanied by hepatocellular
atrophy and loss, was present in the liver
(Fig. 3). The liver also contained random,
multifocal areas of acute hepatocellular
necrosis with heterophilic inflammation
(Fig. 4). Multifocal mucosal necrosis and
ulceration with large numbers of intrale-

FIGURE 2.

Photomicrograph of the pancreas
from a trumpeter swan with chronic zinc toxicosis,
amyloidosis, and enterotoxemia. Apoptotic bodies (ar-
rows), characteristic of zinc toxicosis, are present in
acinar epithelial cells. Hematoxylin and eosin.
Bar=10 pm.

FIGURE 4. Photomicrograph of the liver from a
trumpeter swan with chronic zinc toxicosis, amyloid-
osis, and enterotoxemia. The parenchyma contains
random foci of acute necrosis infiltrated by degen-
erate heterophils. Hematoxylin and eosin. Bar=50
pam.
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FIGURE 5. Photomicrograph of the cecum from

a trumpeter swan with chronic zinc toxicosis, amy-
loidosis, and enterotoxemia. The mucosa contains a
focal area of acute necrosis resulting in ulceration
covered by fibrin, necrotic cell debris, and large num-
bers of bacilli and sporulated bacilli (inset). Hema-
toxylin and eosin. Bar=200 pm.

sional Gram-positive sporulating bacilli
were present in the small intestines, colon,
and cecae (Fig. 5). Multifocal necrosis and
heterophilic inflammation were present in
the tunica muscularis and mild, diffuse se-
rositis was present in the cecae. Other
findings included acute tubular nephrosis
of collecting tubules, multifocal to coalesc-
ing amyloidosis with lymphoid depletion in
spleen, pulmonary congestion, and mild
multifocal myodegeneration and necrosis
in pectoral muscle. No histologic lesions
were observed in any other tissues.

Nonhemolytic Escherichia coli was iso-
lated from the spleen. Enterobacter ag-
glomerans and nonhemolytic E. coli were
cultured from the intestines. No bacteria
were isolated from the liver.

Results of postmortem analyses for
heavy metals for zinc, lead, copper, and
cadmium are summarized in Table 1. Con-
centrations of iron, cadmium, chromium,
and mercury were within normal limits or
not significantly elevated. The final post-
mortem diagnoses were chronic zinc tox-
icity; hepatic and splenic amyloidosis; nec-
rotizing and ulcerative enteritis, colitis,
and typhilitis; and clostridial enterotox-
emia.

The zinc concentration in the swan’s
pancreas was 3,200 mg/kg. Levengood et
al. (1999) reported that, when farm-raised
mallards (Anas platyrhynchos) were le-
thally poisoned with zinc shot, the mean
concentration of zinc in the pancreas in-
creased from about 88 mg/kg to about
2,200 mg/kg wet weight. Likewise, Gasa-
way and Buss (1972) found that concen-
trations of zinc in the pancreases of mal-
lards fed lethal concentrations of zinc in-
creased from 89 mg/kg to between 1,300
mg/kg and 2,700 mg/kg of zinc wet weight.
The swan’s liver and kidneys contained 154
ppm and 145 ppm of zinc, respectively,
and were both elevated above normal
ranges of 30—100 ppm zinc in the liver and
20-40 ppm zinc in the kidneys reported
from a population of more than 75 trum-
peter swans (Puls, 1994). Copper concen-
tration was 1.05 mg/kg in the swan’s liver
and 4.61 mg/kg in the kidneys, compared
with a normal range for trumpeter swans
of 6-100 mg/kg in livers and 3.0-7.0 mg/
kg in kidneys (Puls, 1994). Levengood et.
al. (1999) reported that zinc decreased he-
patic copper concentrations and increased

TABLE 1. Concentrations of metals (expressed as parts per million wet weight) in tissues and serum of a
female trumpeter swan captured from a mill pond in Ottawa County, Oklahoma, in the Tri-State Mining
District.
Tissue
Ventriculus
Metal Pancreas Liver Kidney contents Blood serum
Zinc 3,200 154 145 54 11.2
Lead 0.50 0.78 3.23 7.61 1.0
Copper 5.10 1.05 4.61 2.30 0.17
Cadmium <0.1 <0.1 0.23 0.29 <0.05
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renal copper concentrations in zinc-poi-
soned mallards.

The leukocytosis was likely in response
to an inflammatory process, most notably
concurrent bacterial infection. High num-
bers of immature heterophils were indic-
ative of the animal’s attempt to respond to
the infection. Although a number of the
serum biochemical values were abnormal,
the most notable included hypoglycemia
(52 mg/dl), which may have been a re-
sponse to septicemia or hepatic dysfunc-
tion; elevated AST (593 U/l), likely result-
ing from liver and muscle disease; elevated
creatine kinase (4,555 U/1), which resulted
from muscle damage; and elevated uric
acid (23.6 mg/dl), which is associated with
renal disease, dehydration, tissue damage,
and starvation.

The limited gross lesions in the swan
were consistent with those associated with
experimental zinc toxicity in birds (Lev-
engood et al., 1999, 2000). Histopathologic
lesions in the pancreas were identical to
those reported in experimental and natu-
rally occurring zinc toxicosis in other bird
species (Kazacos and Van Vleet, 1989;
Droual et al., 1991; Levengood et al,
1999; Sileo et al., 2004). In an experimen-
tal time-course study of lesion develop-
ment in the pancreas of ducklings, cyto-
plasmic exocytic and autophagic vacuoles
were present at day 3, with increasing se-
verity of vacuolar change and apoptotic
body formation at days 5 to 7. At 10 days,
the predominant changes were acinar cell
atrophy and interstitial fibrosis with apo-
ptotic bodies in acinar epithelial cells in
various stages of degeneration. These
changes and occasional apoptotic bodies
were observed to days 12 to 17 (Kazacos
and Van Vleet, 1989). The pancreatic
changes in the swan, therefore, were con-
sidered to be at least 10-17 days old based
on the experimental model in the duck-
lings. Necrohemorrhagic enteritis, colitis,
and typhilitis are frequent findings in ex-
perimental zinc toxicosis in ducklings
(Levengood et al., 1999, 2000). The swan
had similar necrotizing lesions of the small
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intestine, colon, and cecae, but with nu-
merous Gram-positive bacilli with sporu-
lating forms typical of Clostridium sp. on
the necrotic mucosal surface. Whether the
necrotizing lesions of the intestinal tract
were a result of clostridial infection or the
clostridia colonized an intestinal mucosa
damaged by zinc toxicity is conjectural.
The random foci of acute hepatocellular
necrosis with heterophilic inflammation
are evidence of enterotoxemia. The com-
bination of intestinal and hepatic lesions in
the swan was strikingly similar to those
caused by Clostridium colinum in quail.
(Colinus wvirginianus) (Berkhoff and
Campbell, 1973).

Liver lesions reported in experimental
zinc toxicity include granulomas, hemosid-
erosis, and hepatocellular atrophy to apo-
ptosis (Levengood et al., 1999). Hepato-
cellular atrophy was present in the swan
liver but was a result of severe diffuse am-
yloid deposition. Minimal hemosiderosis
was present in the liver. Splenic lesions re-
ported are hemosiderosis with lymphoid
depletion and/or lympholysis (Levengood
et al., 1999). Severe lymphoid depletion
was present in the spleen of the swan but
was a result of replacement of lymphoid
follicles by amyloid. Renal tubular necrosis
of the collecting tubules also is associated
with zinc toxicity (Levengood et al., 1999).

In humans, mortality following severe
zinc intoxication, even with treatment, is
high (Bennett et al., 1997). Removal of the
source of zinc and supportive therapy are
important for successful treatment. Al-
though 80-90% of ingested foreign bodies
pass spontaneously, surgical intervention is
warranted in cases of perforation, severe
hemorrhage, or complete bowel obstruc-
tion, or for removal of a toxic substance
from the bowel (Bennett et al., 1997).
Chelation therapy for zinc toxicosis is con-
troversial. Bennett et al. (1997) reports
preoperative chelation of zinc with Ca-
EDTA may be needed to reduce the mor-
tality, whereas Talcott (2001) states that
chelation is contraindicated because che-
lating agents may increase gastrointestinal
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absorption of zinc and are potentially
nephrotoxic.

Although enterotoxemia, chronic debil-
ity, and stress were possibly the ultimate
cause of death in this swan, the underlying
cause was zinc toxicosis.

We thank J. D’Agostino, J. Pickerell,
and F. Oehme, College of Veterinary Med-
icine, Kansas State University, for clinical
and toxicologic assistance with this case;
and L. Sileo, National Wildlife Health
Center, USGS, Madison, Wisconsin, USA,
for providing additional toxicologic analy-
ses. We also acknowledge J. Dalgarn of the
Bureau of Indian Affairs (Miami, Oklahoma,
USA), J. Sparkman, Executive Director of
the Picher Housing Authority, and J. Mies-
ner and M. NcNulty of the US Fish and
Wildlife Service (Manhattan, Kansas,
USA) for monitoring the swan in the wild
and transporting it to the College of Vet-
erinary Medicine, Kansas State University.
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